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j^yx^u>w^F, W«mi»Mi#yx^u> 

[0070] *»Kcc*5i*r. cn6«, itejuts^ 
[0 07 1] CSffeffD #fe#J<t LTJ«*«t«*. W« 

at*, ^mcim^o 
[0072] mwmmtuxte. v&tQ&MDbv&m^ 

[0 07 3 ] B&<nmnt urra, Witi, 7 7 

V. mc-JV^Z-i F, ^ F^<Det4#)fcfflt>6 
[0 07 4] Ctl6©MW»ttBfa«C[£i;T:*!**3rc 

3-1 5Kfi%#atR3*i£, 

[007 5 ] fiSttF^-iLr^ffl-r^^tc^, gJ^CD 

mom^&vtztt^-rzm&frb, F^-*tc2o-6 



(7) 

H 

omm%mM?z>c ±*s#* ia> 0 

[0 0 7 7 ] v-fcf>£$/c«:U? Fffl<Dffl*4iOTtt, 
C. I. f^>H/7K2 4 C. I. b'^>hU7 
F3, C. I . f^yhU^ F5, C. I . t*yy> 
C. I. ^>hU?F7 l C. I. b* 
^>FU»F15 I C. I. t'^>FU^F16, 
C. I . f^>hl/7 K48 : L C. I . b*^y> io 
V\sv F5 3 : 1, C. I . f^>hU^ F5 7 : 

l, c. i. b*yy> fu? f l 22, c. i. e^y 

>FU*F12 3, C. I. b*^>hU^ K139, 
C. I. f^>hU7K144, C. I. b*^>h 
U*F149, C. I. fcTi/y>FUv Fl 66, C. 
I. b'^V > h F 1 7 7, C. I. f^>FU^ 
F178, C. I. b'yy>hU^ 2 

[0 07 8] * U>y*fctt-fxo-ffl©afii It 
tt. C. I. b*^y > U>^3 1 , C. I. b*y^ 20 
>htl/>^43, C. I. f^>h^xn-12, 
C. I. f^>h>fxo-l3, C. I. b*^y>h 
C. I. F-fxn- 1 5, C. 

I. t*yy>F>fin-17 v C. I. b'^>h^x 
P-93, C. I. b*^>h>fxP-94, C. I. 
b*^>> h-Yxu- 1 3 8, C. I. f^>F^P 
-180, C. I. f^>F>fxa-185, C. 

I. b-yy>h-fxa-l 55, C. I. b'^OOh-Y 
5 6**^lf 

[0 0 7 9 ] ^y->*fcWi/T>ffl(Da**tor«, 30 

C. I. b'^y > 1 5, C. I. b*^>h"/ 

^-15:2, C. I . b'^y > hr^U- 15:3, 
C. I. b'^y>h >Ob- 1 6, C. I. t{/j*>b7 

Jb-6 0, C. I. b-^y>h^y->7^^tfe>n 

[0 08 0] *fc, Ss*f£ LtliC. I . v;l"*> F u 
? Fl, 134 9, 135 2, 135 8, 1363, 131 11, 



RH2003-84480 
12 

13122, C. I. VJK>h^XD-1 9, 1344, 
1377, (379, 1381, 1382, 1393, [398, 13 
1 0 3, (3 1 0 4, 13 1 1 2, 13 1 6 2, C. I . v;U 
<>^Jl/-2 5 ( 1336, (360, (37 0, (393, 

[0 08 1 ] ch6<o«««mac«s»ti»faccj£i;r 

«©l«ID»a^ft«c» L 1 2^20 JM^ t* 0 . » 
£L<{*3-1 5Sfi%^S!R3nSo 
[0 08 2] iM««I81Lt«ffit^Ci 4>T>£ 

[0 08 3 ] *9HB<cffi* h^-^SfM^J^effflur t> 
<£<, mti, *>;:/ub*u>, *'Jx^u>&i'0fi 

*5<,>T&2, TIB— IKS; ( 1 ) -c^3ft£x*^;l/y » * 
[0 084] ( 1 ) 

R x - (OCO-R,) n 

^cp, n« 1— 4(DK»**-r^, »*1/<W2— 4r 
S6(C»*L<«3-4, «fCC»S0<«4-C* 

[0 08 5] R,, R.ttaftStWUrfcm^bJc* 

Rt : jg*3S8fc= 1-40, *?2U<tel-20, KK# 
£U<&*2-5 

R 2 : J^gfc = 1-40, *f£L<tel 3-29, MCC 
^Klil 2-25 

tTFK, $^tcd^xxf-;H^-r^*Sa B 9 l4ft^ 
[0086] 
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1 ) CH a - (CH^j-COO- (CHa),/- CH, 

2} CHa-tCHjHe-COO-CCH^T-CH, 

3) CHa-tCH^-COO-^CHa^-CHj 

4) CHa-fCH^^COO-CCHahB-CHa 

5) CH 3 -(CH2)2o-COO-(CH 2 )b— 0-CO-{CH2) ro -CH 3 

6) CH, 
CH3-(CH 2 )2 0 -COO-{CHa)a— CH-CHa-O-CO-tCH^-CHa 

7) CH3 
CHg-CCHa^-COO-iCH^— CH-CHj-O-CO-CCH^-CHa 

8) CH, 

CH3- (CH 2 )a2-COO- CHj - C- CH 2 - O- CO- {CH^ - CH , 



CH-O-CO-tCH^— CH 3 
CHa-O-CO-CCHa)^— CH S 

11) CH 2 - O- CO - (CH&2— CH 3 
CH-O-CO-ICHaha— CH 3 
CHa-O-CO-lCHa)^— CH 3 

12) CHa-OH 
CH-O-CO- (CHjJae — CH, 
CH 2 - 0 - CO - (CHaJas— CH3 

13) CHa-OH 
CH-0-CO-{CHa)aa— CHj 
CH 2 - O - CO~{CH2)a2— CH3 

14) CHa-OH 
CH-OH 

CH 2 — O-CO— (CH2>26 — CH3 

15) CHa-OH 
CH-OH 

CH2-O-C0-(CHa)a2— CHg 



9) 




CH 2 -0-CO-( CHafce— CH 3 



[0 08 7] 



[<t2] 



(9) ^20 0 3-8448 0 

15 16 

16) CK, 

CHj-CCHjtes-COO-C^-C-CHj-O-CO-lCHjfes-CHj 
CHj— O-CO-fCH^-CHj 

17) CHjCH, 
CHj-CCH^-COO-CHj-C-CHj-O-CO-tCHJjo-CH, 

CHj-O-CO-fCH^-CK, 

18) CHa-O-CO-ICHjfe-CHj 
CH 3 -(CHj) j6 -COO-CH 2 -C-CHj-0-CO-(CHj) J( s-CM 3 

CH a ~ O-CO-iCHsJjg- CH S 

19) CHj-O-CO-^HjJjo-CHj 
CHj— (CHJjo-COO-CHj-C-C^-O-CO-JCHjjjB-CH, 

CH,- 0-CO-(CH2)a,- CHj 

20) CHj-O-CO-CCHjhg-CHj 
CHs-lCHJ^-COO-CHj-C-CHj-O-CO-tCH^a-CHj 

CHj-O-CO-iCHJu-CH, 

21) CH 2 - O - CO - (CH2), 6 - CH 3 
CHa-JCH^j-COO-CHj-C-CHj-O-CO-^HjhB-CHj 

CHt-O-CO-CCHJu-CHj 

22) CHj-O-CO-CHj 
CH3— (C^feo-COO-CHj-C-CHj-O-CO-CHj 

CHa-O-CO-CHg 



[0088] cnei^^juy ? txiz. fflm&JF-tpx. 
[oo89] *mitcmi.* hHzmsnftwmm&te* \- 

t-MKl~3 0It%*«SL/<. M«:WS0<« 
2~2 0ftfi%r*<3. H&C*ff£ U< «3~ 1 511% 

r*s„ !»:*--«, ±ie©a^i4#fi^ 

<*ti\ «ifl§^*{Cif^f'JiL,T±ieoj: i 5^x^7-jU 
[0090] h BiSWJfct 

^<t*feSiMT-<t[siB$K:^jjnL. h^-^cs^-ra 

[009 1 ] W*«fflfflfc|i!tiHc«* 
fio**«:^t5cr^ c i*5-c# ■£ fe©£Gf;ffl-f S c £ *s 

[009 2] *mm%Z> \-i--K.m^h*\Z>9\WfflK. 



6W^i<fcLrtt#KIES3tt&l,>#. «*©&«»& 

[0093] mmmsi^t or b. g£3fe&*n©fc©£<!g 
flrr-sci^rffS. ji&ffjJctt. ->>;#. t 
;U5^g&©T^aw$L</H^sc£#r#-5„ cn6 
30 ^m^tli^ior{*»*tt©^©^Sf*u^. *»wcc 
«. fvnmi+kLx. mtfB^rxD^uttsi© 

rf>flK n a D R - 8 0 5 . R-976, R-9 7 4. R-97 
2. R-812, R-809, -v** h*±S3©H VK - 
2150. H-200. * f httS!{©TtTM n a DT S - 
720. TS-530, TS-610. H-5. MS - 
5??#*£tf6ft£. 

[0 094] ^S^aHST-tOr.*. WUf. 0$7I 
n^Jl4ti*©rffJi&,&T-8 0 5. T-6 0 4. 
«©TfiJ!&D a oMT- 100S. MT-100B. MT-5 
40 0 0BS. MT-600. MT-600SS. JA- 

l. m±?f>i±m<Df\im&TA-3 oo s i . ta- 

50 0. TAF-130. TAF-510. TAF-5 

i o t. tuftnm*±m<Difimff a it-s, i t - o a . 

IT -OB. I T-OC^A«plf<E>tt-S. 

[0095] TJU5±ea^<tor«. 0d*«\ 

J.DyjUttKWrtTjgARFY-C. C-6 0 4. 
**t§3© rp J£p a o T T O - 5 5 ^#3* 6 n 6 „ 
[0 096] LXimW-Zl-'XtiLlr 
I*510~2000n mfSg©g^©««§eaSH^&ffl 

so -r-sci^r^s. c©4>©iLr«. *^u>-?>y^ 
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jVjt *> £> y V - h ft i'©*54a^»^> c ti *E> ©±tfi^f* 

[0097] ahwcb. m*.ax?T y >&©&is. r 

Ai?©is. y > -;u&©ffiis, ^ji^^as?©^ y> 
coo98] ctihftmmomm&i*. h-~i>cmux io 

0. l~5gfi%#5fSlA>. ^SiJ©8SttI^aiU-C 
B. £-b'^-S*-y--. ^>^i;U5+1f-, i-0 
^_ 5+ ^_ VM?g^^i'©tt^©<&fe]©jg^B 

[009 9] *?^CCft&mffift31flUll h OWJfi 
CKSXS> #*HB© «. ®IMSiJ£igJi¥Lfc±IE 

^ntt?*aaE-r*xs. MEwmtt^ikiK«fflc> 20 

SUDS. ffp.n/cli^^lg^^-t+Sl^ 3 6^*83 

iTttttfiTiCim*. 30 
[0100] «MC. m#©^fi6<!: l/TU, l^IgKJ: 

B. «fflttT-4«e^^4*»MM*4>-C*«T/lI!HI3 

•escorts. 

[0101] Sfc. Sfe^Si^RRSe-r. h^-O 

[0102] CCt*Ilfi:i«il»i LT* 

#>6&£6©r. *©#Wfi**5 0Hl%«±-cabSti 40 
©£jjrr„ *kW©&©£0TB. *tC«gJBT4Wa^ 
«*$Stf*C «*.«. V x*y- 

X^;U^rh>, fh5t K a? ^ 
[0 1 0 3] *MTC0ffS(sl>*d&&(s-CK. 
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*JU*--K£^rteffi#t&3li/c#t&?£K:. 

[0104] ccDmmftfc&nstcitxDfti&Wii. ltb 

^{Cffi3£3n4fe©-CB*RU*J. mB*UT5?5> 

a. 

[0105] *e*s#ttaHfia»LTttflit,-c4j: 

ie3»7«. 5MLiai-©^'rgt^?.3a ; &^')iioie« 
^ utmtamxyem 3 

[0106] *&m?B*KM&MSWft>fiCCftttO 
StiilS*S»3-feJMfc8 (CMC) #±«C0fcttfflft?fT 
[0107] «H&1lUl^ftmBttCC|R£3tittb> 

5;^^tt>K77-/>; n^©iI<*§9#«fc«#P 
[0108] C crffiJB3ft4JHffiStt»Jtt. B«£G©W 

£SSW®jll&Sy±©^ftJ<fcbT8s/Jt]U o^T8Ht 

[0109] cct, *a*fa>j-c*.ST^*y^)Btttsu ! 
TJU*y±ffi^a^B. r;u#y*Biii/r. vf-v 
a. *y?A. y r>A^*5^^6n. r^*y±s 

^iiO'T. vW^")A, *^->^A. Xha>^-i7 
A. -»<y ^Atitifimihfx. Sf*L<B*y^A» 

hyj»A. vne/'JA, *jI/->^a, -»<y5A*^if 

6*1 *fc*t«fiJE-r*fc©4 0rB. jms 

[oiio] h^— ©tta#ffif*&fiR-r*fc«>©#£4 

7 3 -as fc»©ff±:Gr ffi©*i»tt £"©#ffi*ffiffl-r -5 c 
[0111] ^fcSfS H>Ha*ffii or. TKf-c©^ 

Lfcfft©ttBB*IW«:J:oT. ti7-©e»K.ffi*^«)L/. 



01) 

[0112] *^-c«> nm&jr<D&fti.mz-c%2>tc 
m?z>?i&zmm-tzc±*w£i;i,>. t©ns£-e© 

g£ LXit, 1 -c/*H;UbWg Lt,>„ ±HI£ L/-C«# 
icBttrttMi^. :iiiIfc&tff/ia«©ittTK:<fc«jfl* io 

ta-?©»£*fli*rr i 5 'c/^xvtmt. l 

l>. lA»0Sg£l,T«. &#T/l!M£#7XiJg 

£>tfSC£#-C£&. C©#i££-f £C£r, *t^©)& 

Wtt h*-£ UT©WMfe*GLk-r*ci*«-css. 
[0 1 13] SfctC. &£B$«: 2 ffi<D&®t&*&mLX 

as. ccDai<tL/r}iBjfg-c«ifei,^s. 2ffi©&jitg 

[ 0 1 1 4 ] *fc. tt«f/»t%Mt5fc»K 1 ffi© 
»-•*-£££«:,£ 9. ttffSffihgliiCi*!^*. 

[0115] ttlBtt*-**Sy«flE*'C^*4t»tt»« 

[0116] -r&w, Wflgti^*^*4c>«gj®3 
a. ecft. >»ni««ifrj-*ctKj:o. 

4. *©fft©JBtt«fflIBr©ttl*t. »#tcj: 

0 *KJH0fl:U 1-7— «W-©JBtt*ffiS 

(cMflrrfrs. 

[0117] *%£© h^— tafjeojgttKWap-TSA: 
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^ L- fcgHciiuft-r s *s-c»-e ©ff5tttc# 

[oii8] xmittm^btizmimic-z^-cmi-r 
•vtr^zAvmo&m. -ene©^jS£r^5-^A > 

iS^©^K £ ©££3E©S£3fc#> 6 £*0©Wf4 I » S C 

tStf-tt. *©M?^fiSi l/ttt 1 5~ 1 0 0 *jm, 
J:«3£F£b<«2 5~8 0 ym© &©#<£(, > 0 

[0119]+ + '; r ©««^ttS©aB3e». flsRW 

r^n* (HELOS) J (-»^'r-( f i' (SYMP 
AT EC) ttK) JCfcOMJ&riC 
[0 120]+tU7tt. etttt^EJCWBBCC <fc 0 tt 

>^ffl©«l}flgiffl^£b-rtt. tttcBBeiiftll,***. #)x. 

tt7^3R*W«^***jni**«fflt»64i&. *fc. WIS 

wn. 7*y-;n»fli*iE4ffiffl-r€,c£*sT , #a. 

[0121] 4MKft&*?4HIAXI*K-3l>TM9i 
««-r*«WI6^«»ROt««rlftj^l»©4>«t< £fel» 

[0122] Smttttfl: (awtt3a#»> 

©*«£3£JSffcWlil>e>*i*. teRfgft^^14^J#<*£ 
ttHiS-r S C£(C J: «)i> KU^tcil«%?|5R£-C#SC 
£*5^aR(gj«©3£}#» ; S:^i*L > XittS-CO. 1 m 
m«T> 8ft0. 1 mm«T©ffiHCCS>S«Stt©3:}# 
ft*>*»lsl>. C©KifiaS!>'mn©ffiffi*ffix..S£. 

[0 1 2 3 ] *«tt©tm£0rttTJl'5-">A. ~? 

*V ^taZzmMLtcV? -j t> X 

[0124] ifnan 

*»W©fflae»(Cffll»6*i*it«IBI» (UCL) U3ltttt 
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n 6 <D®m<D& •) ii L-mia©*© 2 ^>m±z&ts 
tmm&mtfbtiz. ctihffimcxpvmKimL mate 
w *> m%m&mmz>hz < -c^ zmm t ita-f u r 5 

J1B0. 01-0. 5 umtm&U,*. 
[0 1 2 5 ] X. #2I^Ct&4>W£L<Jlue>*-i£*Ri] 10 

MJ1B. 0. 1 -2 ymrt*Sf£ 
[0 1 2 6] X. M<D$f&bl.»Pt&mtOXlZmk?Z 

[0127] »fc^jr>«. a«&ttAJ£. &SRi>'S 
M*£^-CiKS*iO. 02-0. 5nm©ai. 3^iC 20 

[0 12 8] *raa©^v>^»fli<!: ltb. ®tfb?-£ 

[0129] *IW<^«Si*f*©«P*l/l»JB* 

■«iSK:ot»-ciitM-&. 

SrfS£JI (CGL) ifl^f^B (CTL) (C^glL-fc 

j; o as <) ii o^fflfcf* 5 »B«fitJWn*/h s < wwr 
(,>. *^mffl©S^(*-c«T?l*)l©±^m^*ii 

(CGL) . *©±(C«ffitft3£JI (CTL) ©flJJ&SrJIX 
5CiWJ Ll>. iE^mffl©®*«:-CBB5fBgt8eE© 
HS*s^mffl^(*©l«^©i^i^S. #&?H©&4>Sf 40 

[0130] i*Ttemm&mA&wam&»<Dm*mm 

[0131] *fir%£ftfft*. ^*o©7^n->r->{b 
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*-;U7i*ni>y->©YS9. AS (££>) 
3?. Cu-KctWttXKS («E«1. 5 4A) «C*tTS:/ 
7»^fl29 ©£g f - £ Sitttft ^ * - &7 Z a -> 

->{COt>-C«i|#Pg^F 1 0-6 9 1 0 7#^«CCiB*83 
[0132] ««#6£JH©><-f 

ami. jt*9VJ*>mn. mtv-n>mn> mm*-*® 

* » F«Jflt. # y * - - h WHS, !/»;a- >«MI. 
^7S>M. 3tt«cc*i6©«Bg©ttir. 2o«±* 

[0133] itmslOffifitt. ^•/>y«Jffi*«BW 

[0134] «fif»^»«:fiwr*v«^>y»ii*«jB 
L^-r^/<:«?)©?ggij<>:Lr«, h;ux>, + 

^^U>^a^-<F. 1. 2-isfuux.il 

fh7tFP77>. 1. 4-y**1?->. 1. 3 

[0135] nm¥z£.tm<Dft®L^®Lt it«, 

*-*3j««ffll±I** *« C fx h *aS *> ©r«:& 

[0136] Sl9A£IB«^JSr LT«g^ 
3ti-5fe©t?«J&l,». 

[0137] /<-f>y«|g{c»-f **WI6ft««©fi^ 
SD^«. ^-f>« l o o«*»«:»i/r«W«*«j 
0 0SP («T. SPt«MfiSP) *5J?SL<. 3 
6K»*l/<B5 0~5 0 0»-C*4. mM^@©Ji 
JIB. ^(gf^^®©^. 'W>yttlfi©*JteRCHB 
^»^StCJ:»)S«C**s»*(y<tt0. 0 1~5ym-C 

[oi38] imffimim) xmowimssmui. m 
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(0139} nrmmismiz, <&m2 000-3609 

>x-fs yvr-AMW*. ^>/7 10 

>H^». jJ* y - n — t-xji^w?'/-^. # y - 1 - 

b'xjueu>&tf# y - 9 - k'xjUT> f-7-byf?:2 

coi4o] nffi&mmm<D>*'(>#mmz, akkd® 
Mim^zct&m*:. sj<y*-5j<*-n«fl§. *yr 
y'ju-hffli, ^yxx^uwif. *y;*^u>tti 
Hi. x * u > - r * y ;ux h y ^ft«£#f§J)!i . y ^ 20 
£ ? y ;u^x^ f^^fliR^x *u>-^£*y ;u&x 
x7-)i&m£i#fflffimimtfiiti2>&. # y 

h*5»*UCi„ IKIJBPA. BPZ. iy^^JUBP 
A. BPA-^^^Jl/BPASfi^^f^y i>. St 

[0141] mmmmmmmit. 'U^jtmntwrn 

[0142] ±IB^ W > ^ttMB £ S19M^«)K««i)B-r 30 
6fc&©ai8<J£ l/TW:. 09*.tf> h^x>, *->U>, 
y?l/>?a7-f F, 1. 2-y^Dni*>, y^ju 

f- h 7t Fn77>, 1, 4-iy^-+-y->> 1, 

3 - yt+77>. f y i> >ro'^x?-jut 5 >mwm 

[0143] ;u>?®R'it l c*t-?zmm§im®)'g<Dm£ 
m&t,z. ^--o^flgi 0 oKsgptc^fbtrs^ii^ 

®1 0~5 O0SP («T\ SP£«MfiSI5) #if?gL<. 40 
$ht£&£L<lZ2 0~1 0 0S|J-C$>£„ 
[0144] mSSf^HOI^lW. 

ff$L<B10~100jimT. 36{CW£L< «1 5 
~4 0 y m"C£>£„ 

[0 145] fE«cm(Sfi^jig+«C{iA08i). EAJW. 2c 

3BW9*as*aor<>fit>. Ao^jtcoc^rii^isa^i 1 

-200135 E A#J«:#B3B85 0- 1 37 54 3 
^£*B. *$B3eS5 8 -7648 3#&#SK:ISiS©&©rti 

50 
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[0146] mmmD m^&*t vtz&ic, mm 

«. &&©«JJli£m>£C<t#ttiJfc. sKy*7-#*-h 

was. *yr*y u-msjbs. * yxx-^nuiii. #y 

m. y jimx-T-T-frfflmjst.vz * u> - ^ * 

^y^xxT-^fi^sjflg^Aspif^ns. 

9- 1 90004^, ^PU^ 10-095787 # 
S2000-1 7 1 9 9 0^t©&&#B^cl^iS©iya*•y• 
>*M^}B§^>fil>. 

[0147] ±ge-C«*^Hj©g4>»SL,^WtS!S*{* 

©Bt8^^CT^b/c*i, ^Hjr«±ie«^©)i^)jS-c 
[0148] mm&^^mmfsmmimJFjx.. 

[0 1 4 9 3 02 »#»W©HtWiaj^B©— W & L 

■c. m^K7-y>^©«fiS^5:^-rfe©-c4>-2.o 

[0150] 1 At, W«i!&3£f* 

( O P C ) ft £' ©!Stffctm**7 5 x ^ A-^x -Jr Jl/fc 
«b'©^> y > y-tt**!.*^^ h «©Sft±{Cff^3 n 

rt^s (*^r«RjSi^(c^-7-c^-s) „ i«F7A 

1 ±(C^^#l3©^m D - =y 2 (C j; -C-«^m*?f 

^ics^K©u-if-x+-f ^3tcj:oriii^ff 
^{c«-5t,^rx+- t .>LS*-r-5>o u—if-x+f y-3 
«. ij£^»u-if-©*ig^^y d->x+ + ^---c^ 

fcfim^®(i. mm^&<Dmmm 4 $ . mm 

[0151] ^^c«fcOJf^5ti/ch^--IB^3:. 
^@©^a-5{cJ;OI5^WK:^3nSo Ie^W 

r lfe-ro^sns. JSte. i£¥tt«faisM. mm3; 

[0 152]^{C«. *^h3>f a -$*6^'J> 
t-m^&mtitiZt. lE^W» J #&ffiD-7 6CCj;«Jif&*S 
Wton. ^-^ 5>^a-^7tcj:-pr. iiigifi-5f£[5] 

<t -DTig^ia©^ D-78 ©as $ -ciM 6n 

S 0 cc-cli3?n-7 8(cj;0tE^M±tc h^- 

^sns. fE^D-58», «mi4©ss©<s^?f^f* 

[0153] h^-@i®^iK^$n/ciK¥M«. isw 
e©sss9-c^s$n/c^. gpffip— 71 o-c^{a?f 
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[0154JB3B. m2<Dm&fcimmK.mwnmte 

7KHzXt>- h y yVCtefflcte i . ^ 

l zum-tzis* v * l 4*«g;we>n-ct,^ 0 cc-c. io 

*«y6»K9Ai<b. ji^is. 
* y y*e©*©. 4>& < t i> — 

[0155] ±f2:/D-feX27- h y ? ,®tc& F5 

[0156] *^cc-Pi»rM«:^ffl{csiwrs. 
sm^h^s 20 

[0157] *j%9j{c*?$ u < fflc»e>n&sw^s#i8 
iL.r««a^5^ac. »«0— 5*SC. :/U~ F2f 

tffifl^^^SG**. SlOft-ttASS6^n»fcft 

IWfSKontjt^i. 30 
[0158] «^«n-7» #»3jK:*rt,»T«. agUtt 

smam jc j: y ata $ n/csrn a - 5 < mm 
m txmmzn* m^m.u-^icmE^tm^xm^tw 

[0159J14B, $SiKffi5Si^iLt©S 
#f*F5A. S^M^lf Si 
M«*^T«WEHr*S. 

[0 1 6 0 ] S4{C*Jl»T. 1 W!Safe^K-7A-C*»J. 
f*U3ifa 1 m m©T.»U S - 9 Art»P>jjS*Jglfc 3 n/ciSmtt 
Iftlai, C ©S<* 1 a ©fl-JSIBtC J&JiX 3 ft/cWt8!& 40 
ft® 1 b 9. -e©^«30mm-C. ^EHA^ 

[0161] 2tJ»«D-5T*D. flliO-flil/t 

tt. s u s iph fc&mm&&. 2 a <t . c ©Jt-jsHKUB 

5*14® 2 b t Upturn*) . ^SB12mm-Cfti3, « 
mtfc££2 aOgf^lSl (02©«®tCgfi&:&|6j) ff 
igSBtcfco-C. ^H7n©^*SiJ*ttcJ:»)fi83fe(*K7A 1 

[0 1 6 2 3 COSSar7 2lCB. SHEm®8 fCfc •) 50 
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«JWWCC«ff«(36^ffc-r*«Et?**. 
[0163] SAMEtf. ffl*«ffi©*aWH«MC*iW& 

syfct* K5Ai mm<D^mm^mE<D 2 flMji±© e- a» 
M«E**rr*ct*i»««s—tt«:ior»*o<» * 

[0164] CO«t5&Sla-7*Stt. i«MEE« 
[0165] XiHW»«*SCrHJ»lStii«EE©H«» 

tltt^S ttaJimttPI* D - 9 £ ©SftfeflUg© 
As* 3 cc j; rfrtbz c t tfi~Q £ 4. 

[0166] VfttittQ- »(*£&©*MlC**ttni 
tt«»*J:»)64i <*te*«ttWtt»*fctf*Wte=rA 

at 5) *tssBLfcfc©r*.s. 

[0167] «Tiai*tt=fAJB«:ffll>iCi©-C**=i' 
AjfijsBgjiLTte. #y yji>!jOi/*>:^A. 

^Ob'U>dA, ^DD7"l/>^A, 71"jar.KJ;l/ 

=ta. ->y 3->=fA^ptf e>ne 0 c<i6o^a 

W. #tt-CXtf28«±©iB^=fAi0r«fflr*C4 
[0168] SSEStefctt-^-r-S/cAtC. Cft6©=fA*i 

fflfi£^fi{cS*0-r:5~5 0»«a»»ajET**. 

[0169] ^AMftKtt. 3aim, ^?as<j. 

?ris^b-c5smffi%?adAfflfS!K5i-r *c <t 
=fAffl*a. dA^nnS'JiL'cii. fig*. y>--**-y--f 
m<ommm. sum. ^7-rv>mm(ommismm 

y^-y ; >^©ttljpg<SlS'J. 7 5>S. 7*y-;U 

«H9%. y >&m<D%itm±m, xamtmjtM, 

tscim, ig«:#a©ffl^j. sis^ssi^j. 
j/y*. *u^9©*rtBWs»a*>eatca«o 
cneoiisaAittio'-io'Q- 

c m©«5H©ilijS(*a«Ci^=&Wr-5 C £ Lt>. 
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[0170] H£. ctizm^&w&mommt.at. & 

XWttJB*' 6©* >KD?S*/c LOB5±«rtt*>5 t^CC 
5$14H©Jg|/iA7£*-e >-fe;UL. &ln©$J-{b£tt*P 

[oi7i] mmmii±Mzmt*:m&-tZ'i><»-v$>tx 

fit*. WMiUlitF'J^A, ^U*>=iA. 7**-f 10 

m&mtf 6n&„ i*s@©ji^« ioo-iooo 

ymT*5C£»$K. SUtfiSt* 1 0 S -1 O'Q • 
cmTiSCiiWiUi. X, *»CCiS"3<K:-3tijg 

[0172] WHa-5©fflia3R2*IWr5KB 
flo-7fl)Ml (^SttPMSfelBXHSSaiB) ccfftft 20 

[0173] WTO?©*§£. M*.t29 UfrXHHStH 1 . 

£o. o5~io. o umcD&mizwmv^&wm^m 

^tf<t^*5, ^©S^-S*5 1 - 2 0 tim©SSBK:£>£ 

tmm<D$kmmMwimi8L2 n-^-ro. tft^F&a* 2 0 30 

i. SlffifflKRz#0. 05/im*i4«t")<>t<Ch 
[0 1 7 4] a®f!SRz£0. 0 5-10. 0 um<D 

mm^mtL^m^t, 10. o MmSriB-r £u-5Si 

K>. 0. 0 5jum*iS-C*5iMD-7iij£f*K7 

$ & < K *> 6 r * & . 40 

[0175] e&©atffiii*>©!e£S!]£tt. mfli i o o 

ffffiSIHC*tLT5-2 OfffigB©KI^-CIE£U 7>ffcT 
[0176] ^BJCD^mo-7«. mtf^OJr^K 

C itcJ: 0 @e$4©^jgffi{c«mi45*14<*)l%^^ 
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ft®©ffM$nfcHII5$4^ffitc^j-Aj:Jl^{c^x t,T£ 

Mb. mmmitfzcticj:*) 2n«§it©w^a-7£ 

[0177] c©j:^JcL.-rff f,n5^so-7(i, 
©s^n-e*^>aa/i©*®©*iSR z *5o . 0 5~i 

0. 0 umlclim2ti2><Dt)m£U\ 

[0 1 7 8 ] fri202©^ma-72 (RtflE¥n-"5 
8) CC««ig(*>e>il[ffi (DC) &V&.ffi (AC) j£t}#> 

^^©is^W^^n^,, Buie^wr^S)itijiS+ 5 

00 — 1 0 0 0 VWDC'WT^iCtlCCffiSLT 1 0 
OHz-lOkHz, 2 0 0-3 5 0 0 V ( p- p) © 

[0 17 9] jtulEwmo-52;&D<ffc:?a-58 «JB3fe 

[0 1 8 0] «HfflB*#K5Al^©EE«B0. 10- 

1. 0N/cm<b3*ao-5©lHlKWSS7tftK5Al© 
jgji©l -8{gt3*l3„ 

[0181] fjfE^mo-52 <&OTG3¥n~5 8> « 
o;l/7'u>=fA. ^u^>=fA, i^y n— >:JA^©rf 

Aji^-en^©**:^/!*^^ 1 ). »$Ktttn 
@cc o . o i - 1 u mm<D^m^mmmmxitiy V a 

[0182] ^(C. flf«ffl»a^5S/* 

[0183] 05««ft4iC©llSi^7^SS©»(S 
m. a6«S5©^mS{cJ;S^^VT^SEE<t^m 
^(4<!:©M^^-rS-C&^ 0 

[0184] HtttcWWBSBtfll^^t/^fiR-rSSBWWft 
^©<*S¥^S*^#^i. (-f) ^*ffllK«e^J9 

c&„ c©WjH*»ffl|-r*«:B:. SB«tt^-©««¥*Wft 
0 0 y mJ^T-r-e©2fr3l#gift*7]«>. #K1 50(im« 

rcc&si. mmmicmMi,?? ->©«©*&«: ff^rasi^ 

->ic*)?Z>. cn6©5i&tt. ^cc^ffl-T^fiS^©^ 
3. *n«:j:S&T-©mfb©^${cfcH^TSAi. -« 

[oi85] «±*»6. w$m.*<mmmmw-mm 
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#2 0 0 umJgtT. 2 0umU±X$>'0, jaofefiSSi& 

ttzommivcrt-tzctiiWiL^K ft. m© 

3£3tt3. 75X10 '~12. 5xi0-'wb m/ 
k g©£©#£F3:L< ll>?>h5, 

[oi8 6]c©j:^i^a. fiat4(*<tu-CH!r^ 

[oi87]^, iiST^sttKwrsciB, m 
&mmcBi&$ftz%L'fmi>m-trj:t), xffiMm#tc 20 

^asm^A*. bps. mme^ayfMt^ftr^s 
ciu. ( l ) H^t^liSli^KWbK* 

l>ilJl)(^JtJI©A7©^£l%Jt-r£. (2)Mim* 
<&ot, x-, yaw©!!!?©** #it§ C6%< 

[0188] «±©J: 5^^*#-rS^^(C«H 
^^©JSCi^l 0 5 ~1 0 10 Q • cm-C^J;5ti: 
iSmi4©M^^£^L/t&©#iff£bt.>. t©*gtn; 

^40. 5 0 cm'commm^-r^&cA 

ftXfv t>fLte«. 5£tf>e>ftfcH^FdbK: 1 k g/c 
m*(0«ffll*»W. ^SiJSSmffiiOSIJC 1 0 0 0 V 

/ c m<DmR&£.-rzmfe*wt!n etc t $<D'mmm*m 

M<tj:-otc<0, fct > TxnKK <fc SStffef*: FvA 

[oi89] mcc. mm^om^^iy^m^micm^ 

•fc^tc. Jtfi#/Js3<. Hr>3ig©&*&Bft:£W-f.|>fc 

3. 75x10-^12. 5x l 0-wb • m/kg© 50 
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i><D. tfcltiZ. 5xi0" s ~10. OxiO-'wb-m 

/kg^ffli^i m temtm h n z c t # mm u tt. 

[0190] JiLt£*g£UT. ®.im*te, t*> 
EM ttaMCDlW 3 ««T"C* & <fc 5 KUUBf tS htfc 

<»1 0'~1 0 ,0 Q • m©KIB«:*'2)Ci^igSn 
S. fLT. C©J:5&I£tt©^Wa^K. 
{CT-*&/cWIjyfc©fc©£jI.&G<!:. SStt^flMft^K 

Co 19 i] S5&i>*06«:cfcn«, ?im^©<fcUT© 
^s&g i 2 o \mnr z>mt& f * a i ± 

riHi^rsj (jgB#tt*i^) {cieiiEsns^sfflfiame^as 

Rfflftt©flf*xy-^1 2 Oai. m&mxV~-7l 2 

0 a©f*3g|SK:lS:We>ttSN. SSJ:f)a5«5ft 1 2 1 
<b. ISe5f*l 2 1 KJ^^UX'J-^l 2 0a©^J3 
ffi±(C*fliShJBiJ6» K5 A 1 ^^m-r-SSSMte^*^ 
^-SKm^^^t. SBEBftl 2 1©N-N»«»{C*JI» 

ximnx<j--7i 2 o a±©em^7v*«ax'5.x^ 

U-^ 123i, 68^7-7 ->««ga 1 2 0 rt©fiBttf4 
a^7^ssgi 2 ooBKUPi 2 5cfc0ffi^$-t±r 

gfwr^t«^xi/'; i 24<t. em^7~>©asto 

2 6tlCj:*)ffil&£ft2>. SlX'J-T'l 2 0 
a«JS5i*l 2 ltcafUaibpItBCCfco-t^-r. !St£» 

f 7 a 1 1 (DMrnarnxm^tw k^ai ©^awr fa <t m 

^fa (S^it^fa) ico. l~l. 0fS©iiliia-cial^ 
3t6hSO*!tfSl/^. XwI^'J-^l 2 0a«. 

*#cc afficc^n*^g<;snsis^tt©^ 

lX'J-7-120a ©rt8PCca»©figEfiB4Wr-5fiBES«: 

1 2 i*5g- W p,n'rc^«it©fe©Ass?SL<fflup>n 

mititftummc <tot, «mtt©wm^ y-ynoa 
(Dmm^mts. ? ti s a^&^n *j«««:iB« u x m&t 

^mz. x )—rf\ 2 0 aaM©fism^®«c^^©gii© 

*5*o-cfc. ^(D&mziMzmKo&mc&^x 

>;-^i 2 o a<Dmmimm<L*(D£jztj:iS}-i&m<Dtc 

£n.\ ¥-mx$>z±mmiz-t-fti l ci7iiti;< . fi-r^-s 
i^E©oa5^6jamijg*^n. i^e.tcit^f«A 

^A^gfeGg^o ±fe©aEffi3<!:^-S{C«-t>->F^^ 
a©^S«5. 0~2 0mm*ii!f*L-t>„ CtiK:J:»5. 
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a«£oat>. x±i£<D£ 5 K.>b& totems. M'CrttC 

/c&CC. Sl^ 'J - 7 1 2 0 a ©IgUIgiJStfft* F 7 A 

[ 0 1 9 2 ] X. Sl^ y - >r 1 2 0 a±JC?BfiM-4» 

Ti&-ftJI£ft£J?£r*SC±a*#£l,l\, wm^iilf 10 
CcteC^r^m^ y-^ 1 2 o a©^ffi±©iimeT-©?? 

<. 2 0 a©ig8b h ft *£ 

mx 'J - ^ 1 2 0 a iCD^SES^^iSgf-S i!S3fe» F 

«ilH1 00-40 0mg/cm'-C$.i3, ^tC}f$ 20 
KB2 0 0~3 0 0mg/cm't*ScWi«il/ 
Tl>4. HSU. COWfili, «a^5J/CM5*«««C*» 

[0193] ^IMtLr©i^7^1ggl 2 
OfCtt. itt&St (DC) A-/7XE 3UL&^iClcK)tm. 

(AC) AW7XAC3^1i3h5ffil^V7X. 0| 
;Uii£ifc^7XE3£GThy--<!:|iJMfe (*3giti& 
Sltc*5lir«-7^^-X@t4) ©- 1 0 0~-.5 0 0 V 

®E3 0 o~5 oov (p-p) <mm^^r^mwm 30 

5<a5^1XV-^l 2 0aCC«fc«). .Mfth'^Al© 

jom^m. JS^^nrjs^f* K5a 1 

^lx'j-^i 20 aijS7cftF-7A 1 £©H|{cttii3§e 
58S'< -Y 7XAC 3 CD^EEPJJlKC <fc 6 tettS^SW/S 3 

[0194] F v A 1 ^SIt//c^lX y 1 

2 0 a±©fiS»^7^(i. S£5tt 1 2 1 {C^we>n-5N 
-NSBEgapJCfe^f. Xi»U— 1 2 3W3MX'J 
-T'^OaiiOITSn^lxy-^^Oai© 40 
ifiSSBfctec^r^mx y ->r 1 2 0 a £i£#fa (J5B$ft 

[0 19 5] 06CC^-r<fc^«C. S^U7X©SE«^ 
-f7XAC3©f-> • e-*1§EE (V (p-p) ) £ 

^nmiiLtommt. t- * • e-^mnv ( P - P ) 

< ft £ tegtc ^mm{4*i7v* < ft *) . 
f-i» • e-*sff#s— jg©v i -e^m^-frx©^ 

;W7XE3©ffiVS£t3:tfiPL<,Mfi-C'gSifnU ^ftfc* 
±b"-^ • b'-91EV (p-p) OTt** 50 
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fifit'ttSttS^HRffitc h * -* J B4»-r *ft e l-c mmi& 

fiSm«iT-©lii^«j|i^-C^-r (a) ©J:^«:£ffliJ«:. g 

t (b) ©^^(ceffluctiBr&ciJctta. 

[0196] ^BJ©iii^Jf5fiX^g©«S!t^S;(CJ:S^ 
Hi&g-ett. £&»Hjgi©o nB#g5(,j«yy > hpg^Butc 

£L. ^/<-f7XAC3©t-4' • f-*mEE (V 
( p - p ) ) ^rffi^fil^e^tcA^ < LfcWtt'W T 

x*aflnLT*©^e<t-j-i«s** f^-a i ©^sma 
*«taw-Es«:j:r>rtftwr*. ftfflsns^ifitt 

A/ D $mSic J: r 4 V> * ;UffiK: 3 titc<D % U 

w#i ( c p u ) text) 3 ft Mamrct* c ©urmma 
*SHif^fiivs©iSfa.^cc^b/cB$©v (p-p) ©fits- 

filE'WrxfitV 1 i^U7 - ')>H8(i^itS. 
[0197] EP%. ? h*^f*>n-5>B#32!^WTX 
AC3£&lMiI#>6;Kljl«:AS< UT (X^-T'Ot) 
M'^7XAC3©V ( p - p ) ©filV 1 M 

®sb*> ^-f? xm^wmij 3 n s„ c ©smmi-si « d 

TXACStCitfcb;*^ Si6^-/7XAC 3«9tS3fl 
rcf-i? • t-*mj3EV 1 ^W^J-r-So •€-©fig©f-d» 

■r-5. ^M«i^«by--©iiAtcj:i3ffitn:Aiiift]-rs© 
r. 7*y > F©^fflCCfi£^®iE^Vrx<BV i*siftti-r 
Cti(cm»BWnriV (p-p) «Hlll/WI7K 

*^-r«^fiiv 2 «fc »5/h3 c»p^«iii^^*^ws*5, 
«S« V 2 J; 0 At < ft tMflPSP «fc 0 HBfcJBfiObft 

fpgp©^g|5tc^m^S^m©^^tf5. c©a^K: 
8-3*. #Sffl©e«^©tt#&^h^2 2 0 5r«M^ 

sggi2occ?§T. «*&-rs. ±ie«:te(,»rs^^F7 
a i (omiiKDwmcmmfE s ^Mc^cAi. r^m 
mt.cmifcnmtzm>-em^x$tm^4Txv (p- 

p) 4^tS-t*> C©^ffl*i|Sm*tc^L//cB#©V 
(p-p) ZMJE'HTXmv 1 i^U, ^<ifV2 
£©Jfc»*m>V 1 ^MA/cB^eS^^©^*^ ^ J: 

[0198] X^^f-y->XB#^lH*mii5737-y > 

h^©swn#tc. ^mffl©i«»^^©^*^T*5n^. 
^*ytcgeit3ti/cy >f-y->x7 - y > im^m^tb 

757 y > h S©5©8B3fc: . SWSBiii L/r3fiE»<t#*«ffl 
qF0^©Sgati*-^©|gSJ|{cJ;')^«!)42-y h$*a 
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tc^mm<D®Mt&+(Dm£* h a 2 2 0 ©«*&n - 7 - 

2 2 1 jWBIi 3 ft. «*&d< h A 2 2 0 rt©58fM&^#ia 
«*&^©«*&4< h A 2 2 0 fcfl-U »ffcttfl«&# h * 

Sf&tSfi-!t£«I^O. «46*>A2 2 0 41^7Vf 

[0199] ?IT3nfce^^«[51f£3n.2,^xy 
-:/l 2 0 atCcfcOSS^Sft. **U-/-? 1 2 3KJ;<J 
2 0 a^ffiJc0g^i$nTB3^^7i/ 

smsi 2 0 ©/sauces ft* „ cn«cm>. -snp 

W-*|SjtC@K3tlSffl^Xi"J »•> 1 2 4CCJ;9 8BM:/ 
Stti^*JSfffiPl 2 5 «fc«JiiSfttti<*ft. ^hDBSrffl 

orftjiwfi^a-T-dUR^a 0 OKHiRSfts. c© 
mi2opi(cmfiStii>±msm^HcML>x, 20-5 

tf fcftTT, 5 0 2, tmHDOW&rFimti 

tuxum. 

[0200] ±im£*) . ^«^Srt©fi8«St^*^<b 

[0 20 1] JlteMRO^fli&tt 

6. 

[020 2 ] *jWBKffl«.»6#l4 h^-li. — 

[0203] -mnmmit i>xm^zm&u. mat 

d*3-&4©3fti«ir*-5. 40 
[0204] X. tt'Jr i«^L.r3sS»3R«»li b 

heO^IBirASi^A. isi?©^s<!:©^^©se 

l/H. JJBtttttt?tt. -€-©(*ffl¥^)SS<!:Ur«l 5 
-lOOym, «fcO»*L/<«2 5-6 0 um<Dk<Difi 

[0205]+t«; r©(*S¥^i«ia©ffl>JS«. rcsiw 
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Ko^ (HELOS) J (J/W<fol'(SYMP 
AT EC) OCfcOWJE-rSCitfr**. 
[ 0 2 0 6 ] * * 'J r «. fi8ttS^ECC«flg{c <fc 9 « 

^ffl©#jflgiffl^<t Lximicmrniztei^K mz.it* u 

7<>M, X?U>3fi«JB. X*U>-T 

[0 2 o 7 ] X. 3MM£tt«ML ffim<J>£*>e>-ebm 

1fiX%h. *®&#OiH&!MM9M*||*Hrc 1X10 
3 ~ 1 x l 0 s V/cm, *fSL< »5 x l 0 3 ~ 1 x l 
O'V/cmiSn. 1 O'V/cm^ftKiJSf&a^JE 
U +#ttlffl«fc«B#«»6ftr. lO'V/cm^ 

[0 2 0 8 ] 3aS/<-f 7*«0. 5~4kV(p- 

p) . w$b<«i~3kv (p-p) isn, xmm 

fttt 0. l-10kHz, ^KB2~8kHzi3 
3&>fS'W 7**50. 5kV (p-p)*i(DS 

*UkV (p-p) €:S^S<!:31fWJ(t»©*-f V 7#?R 

[020 9] t><j-~>if^m 

?V--->i?3-&>tl,Xi>g><<DlT&&8>2>&. MWk 
£*©*§£. #y-~>^:/U- K^jSrtm^ftTO 

[0210] ^^.{i, ^2 tc7K-?mm}i&%im<ic*s<<> 

y-->^si 2©^y-->^^u-K©mg{cj:<3 
? y-i>^sti*©ii«jgidi«c(iA4. 
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(54)[ Title of the Invention] Image forming apparatus, Image 
forming method and Eletrophotographic photoconductor 

(57)[ Abstract] 

[Object] An object of the invention is to provide an 
electrophotographic type of image forming apparatus and image 
forming method in which a high-quality image can be obtained 
by using a small particle-sized toner and cleaning property is 
excellent, and is to provide an eletrophotographic 
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photoconductor used in the image forming apparatus. 
[ Means to be solved] An image forming apparatus in which a 
mass additive is provided in the electrophotographic 
photoconductor and the toner is used, the toner having a ratio 
(Dv50/Dp50) of a 50% volume particle size (Dv50) to a 50% number 
particle size (Dp50) of 1.0 to 1.15, a ratio (Dv75/Dp75) of a 
cumulative 75% volume particle size (Dv75) from a larger volume 
particle size to a cumulative 75% number particle size (Dp75) 
from a larger number particle size of 1.0 to 1.20, and toner 
particles having a particle size of 0.7 x (Dp50) or less in an 
amount of 10 number! or less. 
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[ Patent claim] 

[ Claim 1] An image forming apparatus in which a latent image 
formed on a cylindrical electrophotographic photoconductor is 
developed with a developer comprising a toner and after 
developing the latent image, the image is transferred to a 
transfer material and a remain toner remaining on the 
electrophotographic photoconductor is removed by a cleaning 
section; wherein a mass additive is provided in the 
electrophotographic photoconductor and the toner is used, the 
toner having a ratio (Dv50/Dp50) of a 50% volume particle size 
(Dv50) to a 50% number particle size (Dp50) of 1.0 to 1.15, a 
ratio (Dv75/Dp75) of a cumulative 75% volume particle size 
(Dv75) from a larger volume particle size to a cumulative 75% 
number particle size (Dp75) from a larger number particle size 
of 1.0 to 1.20, and toner particles having a particle size of 
0.7 x (Dp50) or less in an amount of 10 number% or less. 
[ Claim 2] The image forming apparatus of claim 1, wherein at 
least part of the mass additive or part of a member enclosing 
the mass additive is in contact with an inner surface of the 
electrophotographic photoconductor . 

[ Claim 3] The image forming apparatus of claim 1 or 2, wherein 
the mass additive is a vibration-restraining material. 
[ Claim 4] The image forming apparatus of any one of claims 
1 to 3, wherein the mass additive is a noise-absorbing material. 
[ Claim 5] The image forming apparatus of any one of claims 
1 to 4, wherein the 50% volume particle size (Dv50) is 2 to 8\im. 
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[ Claim 6] The image forming apparatus of any one of claims 
1 to 5, wherein the toner is obtained from a colored particle 
obtained by polymerization of at least a polymerizable monomer 
in an aqueous medium. 

[ Claim 7] The image forming apparatus of any one of claims 
1 to 6, wherein the toner is obtained from a colored particle 
obtained by salting-out /fusing at least resin a particle in an 
aqueous medium. 

[ Claim 8] The image forming apparatus of any one of claims 
1 to 7, wherein the toner is a styrene- (meta) acrylate resin. 
[ Claim 9] The image forming apparatus of any one of claims 
1 to 8, wherein the cleaning section is a cleaning blade of 
polyurethane . 

[ Claim 10] The image forming apparatus of any one of claims 
1 to 9, a charging section used when the latent image is formed, 
is a contact charging. 

[ Claim 11] The image forming apparatus of claim 10, wherein 
the contact charging is a charging roller. 

[ Claim 12] The image forming apparatus of claim 10, wherein 
the contact charging is a charging blade. 

[ Claim 13] The image forming apparatus of claim 10, wherein 
the contact charging is a magnetic brush. 

[ Claim 14] An image forming method comprising using the image 
forming apparatus of any one of claims 1 to 13. 
[ Claim 15] An eletrophotographic photoconductor used in the 
image forming apparatus of any one of claims 1 to 13, wherein 
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the eletrophotographic photoconductor is an organic 
photoconductor in which at least one of a charge generating 
substance and a charge transport substance is formed by an 
organic compound . 

[ Detailed Description of the Invention] 
[ 0001] 

[ Field of the Invention] This invention relates to an 

electrophotographic type of image forming apparatus and image 
forming method for use in a copying machine or a printer, and 
an eletrophotographic photoconductor (hereinafter, simply 
referred to as photoconductor) used in the image forming 
apparatus . 
[ 0002] 

[ Prior Art] With the recent development of digital 
technologies, image formation based on the digital method has 
become dominant in the electrophotographic image forming method . 
The method of forming a digital image is based on the formation 
of a positive image from a dot image of e.g. of 400 dpi (number 
of dots per 2.54 cm) defined by small pixels. There is a demand 
for image quality enhancing techniques for faithfully 
reproducing such a dot image formed of small dots. 
[ 0003] As one of the image quality enhancing techniques, 

there have been proposed an electrophotographic developer or 
an image forming method, in which the particle size distribution 
of a small particle-sized toner or a toner particle and the 
shapes of particles thereof are made uniform, using a 
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polymerization toner. The polymerization toner is 
manufactured by uniformly dispersing a raw material monomer in 
an aqueous medium and then causing polymerization thereof. 
Therefore, it is possible to obtain toner which is uniform in 
particle size distribution, and shapes. However, toner 
particles of such a small particle-sized toner are mutually 
cohesive and strongly adhere to the photoconductor , which tends 
to degrade cleaning property, and cause defective cleaning, 
such as unevenness of halftone, toner filming, and curling of 
a cleaning blade. These problems make it difficult to put the 
technique into practice. 

[ 0004] Further, when the toner reduced in particle size 

is used, there is a problem that the color difference between 
an image formed at an early stage of development and an image 
formed after runnings tends to become large. 

[ 0005] On the other hand, when a drum-shaped (cylindrical) 

eletrophotographic photoconductor is employed, the clearning 
blade more often than not jumps on the surface of the 
photoconductor drum the without smoothly sliding thereon, to 
cause chattering, and the chattering can cause resonance of the 
photoconductor drum to produce offensive noise and to cause 
curling of a cleaning blade in which the blade turns over. 
Particularly, when the small paritcle-sized toner is used and 
the cylindrical organic photoconductor is employed, the 
adhesion of the toner to the photoconductor increases, and the 
above-mentioned problems in cleaning are liable to occur. To 
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overcome these problems , there has been proposed a method, of 
insertig a filler, a vibration-restraining material, a noise- 
abosribing material, or the like, within the photroceptor drum, 
as in Jp-Jitsukaisho-62-127567A, Jp-Tokukaisho-63-27138 8A, 
Jp-Tokukaihei-02-118 68 4A, Jp-Tokukaihei-03-4 4 68 9A, 
Jp-Tokukaihei-03-4 5 981A, Jp-Tokukaihei-05-18 8 671A, 
Jp-Tokukaihei-08-146686A, and WO-00/49466. However, for the 
use of the small paricle-sized toner, no sufficient soultion 
to the above problems have been provided. 

[ 0006] Further, when a contact-type charging device is 

empolyed which is reduced in the amount of generation of ozone 
and operates to charge the photorecetpor by bringing a roller 
type or blade-type member thereof into contact with the 
photoconductor , due to the additional load of the contact-type 
charging device, the above-mentioned problem of cleaning, such 
as the phenomenon of chattering, beocmes laible to occur. More 
specifically, due to resonance with the chattering phenomenon 
caused during cleaning, the photoconductor drum and the 
charging roller are vibrated to produe unsual noise. To 
overcome this problem, it has been proposed to put various kinds 
of inserts within the photoconductor drum, as proposed in 
Jp-Tokukaihei-0 5-3504 8A, Jp-Tokukaihei-0 6-1 9377A, and 
Jp-Tokukaihei-05-333615A. However, the chattering phonomenon 
which is liable to occur during cleaning or due to contact 
charging when a small paticle-sized toner is employed is not 
fully investated. 
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[ 0007] 

[ Problem to be Solved by the Invention] An object of the 
invention is to provide an electrophotographic type of image 
forming apparatus and image forming method in which a 
high-quality image can be obtained by using a small 
particle-sized toner, cleaning property is good, offensive 
noise is not caused, and curling of a cleaning blade is not caused, 
and is to provide an eletrophotographic photoconductpr used in 
the image forming apparatus. 
[ 0008] 

[ Means for Solving the Problems] The object of the 
invention is achieved by the following constitution. 
[ 0009] 1. An image forming apparatus in which a latent 

image formed on a cylindrical electrophotographic 
photoconductor is developed with a developer comprising a toner 
and after developing the latent image, the image is transferred 
to a transfer material and a remain toner remaining on the 
electrophotographic photoconductor is removed by a cleaning 
section; wherein a mass additive is provided in the 
electrophotographic photoconductor and the toner is used, the 
toner having a ratio (Dv50/Dp50) of a 50% volume particle size 
(Dv50) to a 50% number particle size (Dp50) of 1.0 to 1.15, a 
ratio (Dv75/Dp75) of a cumulative 75% volume particle size 
(Dv75) from a larger volume particle size to a cumulative 75% 
number particle size (Dp75) from a larger number particle size 
of 1.0 to 1.20, and toner particles having a particle size of 
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0.7 x (Dp50) or less in an amount of 10 number% or less. 
[0010] 2. The image forming apparatus of the above 1, 

wherein at least part of the mass additive or part of a member 
enclosing the mass additive is in contact with an inner surface 
of the electrophotographic photoconductor . 

[ 0011] 3. The image forming apparatus of the above 1 or 

2, wherein the mass additive is a vibration-restraining 
material . 

[ 0012] 4. The image forming apparatus of any one of the 

above 1 to 3, wherein the mass additive is a noise-absorbing 
material . 

[ 0013] 5. The image forming apparatus of any one of the 

above 1 to 4, wherein the 50% volume particle size (Dv50) is 
2 to 8pm. 

[ 0014] 6. The image forming apparatus of any one of the 

above 1 to 5, wherein the toner is obtained from a colored 
particle obtained by polymerization of at least a polymerizable 
monomer in an aqueous medium. 

[ 0015] 7. The image forming apparatus of any one of the 

above 1 to 6, wherein the toner is obtained from a colored 
particle obtained by salting-out /fusing at least resin a 
particle in an aqueous medium. 

[ 0016] 8. The image forming apparatus of any one of the 

above 1 to 7, wherein the toner is a styrene- (meta) acrylate 
resin . 

[ 0017] 9. The image forming apparatus of any one of the 
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above 1 to 8, wherein the cleaning section is a cleaning blade 
of polyurethane . 

[ 0018] 10. The image forming apparatus of any one of the 

above 1 to 9, a charging section used when the latent image is 
formed, is a contact charging. 

[0019] 11. The image forming apparatus of the above 10, 

wherein the contact charging is a charging roller. 

[ 0020] 12. The image forming apparatus of the above 10, 

wherein the contact charging is a charging blade. 

[ 0021] 13. The image forming apparatus of the above 10, 

wherein the contact charging is a magnetic brush. 

[ 0022] 14. An image forming method comprising using the 

image forming apparatus of any one of the above 1 to 13. 

[0023] 15. An eletrophotographic photoconductor used in 

the image forming apparatus of any one of the above 1 to 13, 

wherein the eletrophotographic photoconductor is an organic 

photoconductor in which at least one of a charge generating 

substance and a charge transport substance is formed by an 

organic compound. 

[ 0024] Hereinafter, the present invention is described in 

detail. In the present invention, a toner in which a particle 
size and a particle size distribution of the toner are uniformed, 
is used. Although an electrophotographic photoconductor 
having an organic photoconductive layer provided on an outer 
surface of a cylindrical support, is used, it is possible to 
obtain an image having no unevenness of image, such as 
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unevenness of halftone by inserting or filling the mass additive, 
such as a vibration-restraining material or a noise-absorbing 
material therein. It is possible to obtain an image forming 
apparatus having high resolution, high quality and high 
durability. 

[ 0025] Mass Additive 

The vibration-restraining material provided to absorb 
resonance of the mass additive is required to have a wide range 
of elasticity and a mass for displacing a resonance frequency, 
as conditions for preventing the propagation of vibrations, 
similarly to a vibration-proof material used in general 
equipment. Therefore, it is preferable that a 
vibration-restraining material or a noise-absorbing material 
disposed inside or on the inner surface of the photoconductor 
is a heavy material in the form of small pieces or the like, 
or an elastic material which is brought into pressure contact 
with an inner surface of the drum via as wide a surface as 
possible, or filled in the drum. 

[ 0026] Further, a method for fixedly mounting the 

vibration-restraining material on the inner surface of the drum 
includes a method for affixing the vibration-restraining 
material by an adhesive, a method for using a pressure contact 
force of the vibration-restraining • material itself, and so 
forth. Anyway, it is preferable to employ a method which is 
capable of reliably holding the vibration-restraining material 
on the inner surface of the drum. 
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[ 0027] As the mass additive, there may be used 

vibration-restraining materials, such as metal pieces, wood, 
resins including polyacetal, polymethyl methacrylate, 
fluorocarbon resins, silicone, polycarbonate, and 
polyphenylene sulfide, and heavy materials of metals including 
SUS and brass. 

[ 0028] As the noise-absorbing material, there can be used 

porous materials, viscoelastic materials, and the like, such 
as synthetic resins including glass wool, rock wool, 
polyurethane, polybutadiene rubber, polystyrene, 
styrene-butadiene rubber, nitrile-butadiene rubber, 
polyamide-based elastomer , and the like, synthetic rubbers , and 
natural rubber. 

[ 0029] The weight of the mass additive can be not less than 

3g, preferably, not less than 5g, and not greater than 60g. The 
weight of the mass additive can be not less than 3% of the mass 
of the photoconductor including a flange, preferably, not less 
than 5%, and not greater than 60%. 

[ 0030] To show the form of the above-described mass 

additive being inserted into the photoconductor drum, for 
example, FIG. 1 is a sectional view showing an example of the 
photoconductor drum 1 having the mass additive inserted therein. 
A polystyrene thin plate 15, which has an outer diameter 
approximately equal to an inner diameter thereof, and is brought 
into contact with the inner surface of the photoconductor drum 
1 by its own elasticity, is enclosed by the photoconductor drum 
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1 over the whole region of the effective chargeable width of 
charging section. 

[ 0031] As for the arrangement position for the mass 

additive inside the photoconductor drum, the polystyrene thin 
plate 15 may be disposed at a longitudinal end of the 
photoconductor drum 1, or at a central portion thereof. 
Preferably, the polystyrene thin plate 15 is in contact with 
the inner surface of the photoconductor drum such that the 
polystyrene thin plate 15 can effectively suppress vibrations 
to suppress generation of charging noise caused by the 
vibrations . 

[ 0032] The toner according to the image forming method of 

present invention is explained. The present inventors have 
carried out extensive investigation and study on the problem 
of the conventionally known image forming method using small 
particle-sized toners (in the present invention, toners having 
particle sizes of 2 to 10pm are referred to as "small 
particle-sized toner") , and found that differences are liable 
to occur in developing property and cleaning property between 
particles of the small particle-sized toners, and further the 
difference in adhesion (adhesive strength) to the 
photoconductor is liable to be increased between particles of 
the small particle-sized toners. 

[ 0033] Further, the present inventors have found that in 

the small particle-sized toners, the differences of the 
developing property and the difference of the amount of adhesion 



15 



between the toners are increased as the toner particles become 
small in size. Although a mechanism itself for causing the 
phenomena is not clear, the present inventors have presumed as 
follows. That is, in the case of the large particle-sized 
toners, the difference of the adhesive forces between the toners 
against the photoconductor is not increased. However, as toner 
particles are reduced in size, the adhesive forces, which are 
inherent to the toners, against the photoconductor are 
increased. Consequently, the above differences between the 
particles are increased. 

[ 0034] As the results of investigation, based on the study 

of the relationships between a particle size distribution of 
a small particle-sized toner, abnormal noises generated during 
cleaning operation, and cleaning property, the toner was 
configured to have a specific particle size distribution. It 
was found that by using the toner in combination with the 
photoconductor including the mass additive, it is possible to 
improve the problems of abnormal noises generated during 
cleaning operation and the cleaning property, described above. 
[ 0035] More specifically, without reducing the amount of 

small particle-sized components existing in the toner, the 
present inventors paid attention to 50% particle size, which 
is the median of particle sizes of the whole toner. When 
analyzing the small particle-sized components which deviate in 
particle size from the 50% particle size, the present inventors 
paid attention to cumulative 75 % frequency particle sizes, 



16 



which are respectively accumulated from a larger volume 

particle size and a larger number particle size. 

[ 0036] From the above, as described in claim 1, a ratio 

(Dv50/Dp50) of a 50% volume particle size (Dv50) of the toner 
to a 50% number particle size (Dp50) is 1.0 to 1.15, a ratio 

(Dv75/Dp75) of a cumulative 75% volume particle size (Dv75) from 
a larger volume particle size to a cumulative 75% number 
particle size (Dp75) from a larger number particle size is 1.0 
to 1.20, and toner comprises toner particles having a particle 
size of 0.7 x (Dp50) or less is not greater than 10 number %. 
Further, a cylindrical electrophotographic photoconductor 
including a mass additive therein, is used. Thereby, the 
present invention was achieved. 

[ 0037] The toner according to the present invention is 

explained. The volume particle size and number particle size 
of the toner according to the present invention, and the ratio 
between the volume particle size and the number particle size 
will be described. 

[ 0038] In view of obtaining the effect described in the 

present invention, it is preferable that the toner according 
to the present invention has a monodisperse particle size 
distribution. It is necessary that the ration (Dv50/Dp50) of 
a 50% volume particle size (Dv50) to a 50% number particle size 

(Dp50) is 1.0 to 1.15. It is preferable that the ratio 

(Dv50/Dp50) is 1.0 to 1.13. 

[ 0039] To suppress the ranges of variations in 
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transferability and the developing property, it is necessary 
that the ratio (Dv75/Dp75) of a cumulative 75% volume particle 
size (Dv75) from a larger volume particle size to a cumulative 
75% number particle size (Dp75) from a larger number particle 
size is 1.0 to 1.20. It is preferable that the ratio is 1.1 
to 1.19. Of the whole toner, it is necessary that a particle 
size of 0.7 x (Dp50) or less in an amount is 10 number% or less. 
It is preferable the number of the toner particles in the toner 
is 5 to 9 number %. 

[ 0040] The 50% volume particle size (Dv50) of the toner 

according to the present invention can be 2 to 8}jm, more narrowly 
3 to 7 jam. The 50% number particle size (Dp50) of the toner 
according to the present invention can be 2 to 7.5]im. More 
preferably, Dp50 is 2.5 to l\im. By setting the range, it is 
possible to notably obtain the effect of the invention. 
[ 0041] Now, the cumulative 75% volume particle size (Dv75) 

(hereinafter this can be referred as Dv75) from a larger volume 
particle size is defined as a volume particle size in the volume 
particle size distribution where an accumulation of frequencies 
of volume particle sizes from the larger volume particle size 
is 75% of the total volume of the toner, and the cumulative 75% 
number particle size (Dp75) from the larger number particle size 
is defined as a number particle size in the number particle size 
distribution where an accumulation of frequencies of number 
particle sizes from the larger particle size is 75% of the total 
particle number of the toner. 
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[ 0042] In the present invention, the 50% volume particle 

size (Dv50) , the 50% number particle size (Dp50) , the cumulative 
75% volume particle size (Dv75) , the cumulative 75% number 
particle size (Dp75) , and the like can be measured by using a 
"Coulter Counter TA-II", or a "Coulter Multisizer" (both of 
which are available from Coulter Electronics Inc. ) . 
[ 0043] The photoconductor comprises a photosensitive 

layer formed on a cylindrical electrically conductive support, 
and can comprise a mass additive inside the support. By 
combining the toner described above and the electrophotographic 
photoconductor containing the mass additive, it is possible to 
markedly improve the problem of abnormal noises and curling of 
a blade during cleaning. 

[ 0044] A description will be given of components of an 

electrostatic image-developing toner according to the present 
invention, components of a binder resin, which is one of the 
components of the toner, and preparation of the toner. 
[ 0045] The toner according to the present invention 

contains at least colorants and a binder resin. The toner may 
be manufactured by carrying out pulverization and 
classification steps, or it may be produced by a so-called 
polymerization method, referred to hereinafter, for producing 
toner using resin particles obtained by polymerizing a 
polymerizable monomer. When the toner is produced by using the 
polymerization method, particularly, it is preferable to use 
a manufacturing method comprising salting-out /fusing resin 



19 



particles . 

[ 004 6] As the polymerizable monomer used in the 

polymerization method, a radical polymerizable monomer is used 
as a component, and a crosslinking agent may be used as required. 
Further, it is preferable that the polymerizable monomer 
contains at least one kind of radical polymerizable monomer 
having an acidic group or radical polymerizable monomer having 
a basic group, enumerated below. 
[ 0047] (1) Radial Polymerizable Monomer 

The components of the radial polymerizable monomer are 
not particularly limited, but conventionally known radical 
polymerizable monomers can be used. Further, it is possible 
to use one kind of monomer or a combination of two or more kinds 
of monomers so as to satisfy the requirement of characteristics . 
[ 0048] Examples of the components of the radial 

polymerizable monomer include aromatic vinyl monomers, 
(meta) acrylate monomers, vinyl ester monomers, vinyl ether 
monomers, monoolefin monomers, diolefin monomers, and 
halogenated olefin monomers. 

[ 004 9] Examples of the aromatic vinyl monomers include 

styrene monomers and derivatives thereof, such as styrene, 
o-methylstyrene, m-methylstyrene, p-methyl styrene, 
p-methoxystyrene , p-phenylstyrene, p-chlorostyrene, 
p-ethyl styrene, p-n-butyl styrene, p-tert -butyl styrene , 
p-n-hexyl styrene, p-n-octyl styrene, p-n-nonyl styrene, 
p-n-decylstyrene, p-n-dodecylstyrene, 2, 4-dimethylstyrene, 
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and 3, 4-dichlorostyrene . 

[0050] Examples of the (meta) acrylate monomers include 

methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl 
acrylate, cyclohexyl acrylate, phenyl acrylate, methyl 
methacrylate, ethyl methacrylate, butyl methacrylate, hexyl 
methacrylate, 2-ethylhexyl methacrylate, ethyl 
p-hydroxyacrylate, propyl y-aminoacrylate, stearyl 
methacrylate, dimethylaminoethyl methacrylate, and 
diethylaminoethyl methacrylate. 

[ 0051] Examples of the vinyl ester monomers include vinyl 

acetate, vinyl propionate, and vinyl benzoate. 
[ 0052] Examples of the vinyl ether monomers include 

vinylmethylether , vinylethylether , vinylisobutylether , and 
vinylphenylether . 

[ 0053] Examples of the monoolefin monomers include 

ethylene, propylene, isobutylene, 1-butene, 1-pentene, and 
4-methyl-l-pentene . 

[ 0054] Examples of the diolefin monomers include 

butadiene, isoprene, and chloroprene. 

[ 0055] Examples of the halogenated olefin monomers 

include vinyl chloride, vinylidene chloride, and vinyl bromide . 
[ 0056] (2) Crosslinking Agent 

As a crosslinking agent, a radical polymerizable 
crosslinking agent may be added in order to improve 
characteristics of the toner. Examples of the radical 
polymerizable crosslinking agent include crosslinking agents 
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having two or more unsaturated bonds, such as divinyl benzene, 
divinyl naphthalene, divinyl ether, diethyleneglycol 
methacrylate, ethyl eneglycol dimethacrylate, 
polyethyleneglycol dimethacrylate , and diallyl phthalate. 
[ 0057] (3) Radical Polymerizable Monomer Having Acidic 

Group or Basic Group 

Examples of the radical polymerizable monomer having an 
acidic group or the radical polymerizable monomer having a basic 
group include polymerizable monomers containing a carboxyl 
group, polymerizable monomers containing a sulfonic group, and 
amine polymerizable monomers, such as primary amine, secondary 
amine, tertiary amine, and a quaternary ammonium salt. 
[ 0058] Examples of the polymerizable monomers containing 

a carboxyl group include acrylic acid, methacrylic acid, 
fumaric acid, maleic acid, itaconic acid, cinnamic acid, 
monobutyl maleate, and monooctyl maleate. 

[ 0059] Examples of the polymerizable monomers containing 

a sulfonic group include sulfonated styrene, allyl 

sulf osuccinate, and octyl allylsulf osuccinate . 

[ 0060] These may have a structure of a metal salt formed 

from an alkali metal, such as sodium or potassium, or a structure 

of a metal salt formed from an alkaline earth metal, such as 

calcium. 

[ 0061] Examples of the radical polymerizable monomer 

having a basic group include amine compounds, such as 
dimethyl -aminoethyl aery late, dimethylaminoethyl 
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methacrylate, diethyl aminoethyl acrylate, diethyl aminoethyl 
methacrylate, quaternary ammonium salts of the above four 
compounds, 3-dimethylaminophenyl acrylate, 

2-hydroxy-3-methacryloxypropyltrimethyl ammonium salt, acryl 
amide, N-butylacryl amide, N, N-dibutylacryl amide, 
piperidylacryl amide, methacryl amide, N-butylmethacryl amide, 
N-octadecylacryl amide, vinyl pyridine, vinyl pyrrolidone, 
vinyl N-methylpyridinium chloride, vinyl N-ethylpyridinium 
chloride, N, N-diarylmethyl ammonium chloride, and 
N, N-diarylethyl ammonium chloride. 

t 0062] It is preferable that as the radical polymerizable 

monomer, the radical polymerizable monomer having an acidic 
group or the radical polymerizable monomer having a basic group 
is used within a range of 0.1 to 15 mass % of the total of monomers . 
Further, preferably, the radical polymerizable crosslinking 
agent is used within a range of 0.1 to 10 mass % with respect 
to the total of radical polymerizable monomers, though 
depending on the characteristics thereof. 
[ 0063] [ Chain Transfer Agent] In order to adjust a 

molecular weight, it is possible to use a chain transfer agent 
which is generally used. The chain transfer agent is not 
particularly limited, but octyl mercaptan, dodecyl mercaptan, 
tert-dodecyl mercaptan, n-octyl-3-ester mercaptopropionate, 
carbon tetrabromide, and styrene dimer are used. 
[ 0064] [ Polymerization Initiator] Any suitable radical 

polymerization initiators can be used as so long as they are 
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water-soluble. For example, persulfates (potassium 
persulfate, ammonium persulfate, etc.), azo compounds 
( 4 , 4' -azobis4-cyanovaleric acid and salts thereof, 
2, 2' -azobis ( 2-amidinopropane ) salt, etc.), and peroxide 
compounds can be used as the radical polymerization initiators. 
[ 0065] Further, the radical polymerization initiators can 

be used as Redox initiators by using them in combination with 
reducing agents as required. By using the Redox initiators, 
polymerization activity is increased, whereby it is possible 
to lower a polymerization temperature, and hence shortening of 
a polymerization time period can be expected. 
[ 0066] Although any temperature may be selected as the 

polymerization temperature so long as it is equal to or higher 
than a lowest radical forming temperature, a temperature within 
a range of 50°C to 90°C is used. However, when a polymerization 
initiator for starting polymerization at ordinary temperature, 
e.g. a combination of hydrogen peroxide and a reducing agent 
(e.g. ascorbic acid) are used, it is also possible to carry out 
polymerization at room temperature or a temperature higher than 
the room temperature . 

[ 0067] [ Surfactant] To perform polymerization using the 

radical polymerizable monomers described above, it is required 
to disperse oil drops in an aqueous medium using a surfactant. 
The surfactants usable in this case are not particularly limited, 
but the following are examples of suitable ionic surfactants. 
[ 0068] Examples of the ionic surfactants include 
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sulfonates (sodium dodecylbenzenesulf onate, sodium aryl alkyl 
polyethersulf onate, sodium 3, 3-disulf ondiphenylurea-4 , 4 
-diazo-bis-amino-8-naphthol-6-sulf onate, 
ortho-caroxybenzene-azo-dimethylaniline sodium, 
2, 2, 5, 5-tetramethyl-triphenylmetha 

ne-4 , 4-diazi-bis-f}-naphthol-6-sulf onate, and the like) , 
sulfuric acid ester salts (sodium dodecyl sulfate, sodium 
tetradecyl sulfate, sodium pentadecyl sulfate, sodium octyl 
sulfate, etc.), fatty acid salts (sodium oleate, sodium laurate, 
sodium caprate, sodium caprylate, sodium caproate, potassium 
stearate, calcium oleate, and the like.). 

[ 0069] Further, nonionic surfactants as well can be used. 

Examples of the nonionic surfactants include polyethylene oxide, 
polypropylene oxide, a combination of polypropylene oxide and 
polyethylene oxide, esters of polyethylene glycol with higher 
fatty acids, alkylphenol polyethylene oxide, esters of 
polypropylene oxide with higher fatty acids, and sorbitan 
esters . 

t 0070] These are used mainly at the time of emulsion 

polymerization, but they may be used in some other steps or for 
other purposes. 

[ 0071] [ Colorants] As the colorants, there may be used, 

for example, inorganic pigments, organic pigments, and dyes. 
[ 0072] As the inorganic pigments, there can be used 

conventionally known pigments. Examples of the inorganic 
pigments includes the following pigments. 
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[ 0073] As a black pigment, there can be used carbon black, 

such as furnace black, channel black, acetylene black, thermal 
black, and lampblack, and further magnetic powders, such as 
magnetite and ferrite. 

[ 0074] The above organic pigments and dyes can be 

selectively used singly or in combination of a plurality thereof, 
as required. Further, the amount of organic pigment added is 
2 to 20 mass %, preferably 3 to 15 mass %, with respect to the 
amount of polymer. 

[ 0075] When the toner is used as a magnetic toner, it is 

possible to add the above-mentioned magnetite. In this case, 
from the viewpoint of giving predetermined magnetic properties, 
it is preferable to add an amount of 20 to 60 mass % to the toner. 
[ 0076] As the organic pigments and the dyes, there can be 

used conventionally known pigments and dyes. Examples of the 
organic pigments and the dyes includes the following colorants. 
[ 0077] Examples of the organic pigments for magenta or red 

include C.I. pigment red 2, C.I. pigment red 3, C.I. pigment 
red 5, C.I. pigment red 6, C.I. pigment red 7, C.I. pigment red 
15, C.I. pigment red 16, C.I. pigment red 48:1, C.I. pigment 
red 53:1, C.I. pigment red 57:1, C.I. pigment red 122, C.I. 
pigment red 123, C.I. pigment red 139, C.I. pigment red 144, 
C.I. pigment red 14 9, C.I. pigment red 166, C.I. pigment red 
177, C.I. pigment red 178, and C.I. pigment red 222. 
t 0078] Examples of the organic pigments for orange or 

yellow include C.I. pigment orange 31, C.I. pigment orange 4 3, 
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C.I. pigment yellow 12, C.I. pigment yellow 13, C.I. pigment 
yellow 14, C.I. pigment yellow 15, C.I. pigment yellow 17, C.I. 
pigment yellow 93, C.I. pigment yellow 94, C.I. pigment yellow 
138, C.I. pigment yellow 180, C.I. pigment yellow 185, C.I. 
pigment yellow 155, and C.I. pigment yellow 156. 
[ 0079] Examples of the organic pigments for green or cyan 

include C.I. pigment blue 15, C.I. pigment blue 15:2, C.I. 
pigment blue 15:3, C.I. pigment blue 16, C.I. pigment blue 60, 
and C.I. pigment green 7. 

[ 0080] Further, examples of dyes include C.I. solvent red 

1, C.I. solvent red 49, C.I. solvent red 52, C.I. solvent red 
58, C.I. solvent red 63, C.I. solvent red 111, C.I. solvent red 
122, C.I. solvent yellow 19, C.I. solvent yellow 44, C.I. 
solvent yellow 77, C.I. solvent yellow 79, C.I. solvent yellow 
81, C.I. solvent yellow 82, C.I. solvent yellow 93, C.I. solvent 
yellow 98, C.I. solvent yellow 103, C.I. solvent yellow 104, 
C.I. solvent yellow 112, C.I. solvent yellow 162, and C.I. 
solvent blue 25, C.I. solvent blue 36, C.I. solvent blue 60, 
C.I. solvent blue 70, C.I. solvent blue 93, C.I. solvent blue 
95, etc. It is also possible to use mixtures of these, 
t 0081] The above organic pigments and dyes can be 

selectively used singly or in combination of a plurality thereof, 
as required. Further, the amount of organic pigment added is 
2 to 20 mass %, preferably 3 to 15 mass %, with respect to the 
amount of polymer. 

[ 0082] It is also possible to use a colorant having its 
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surface modified. As a surface modifier, there can be used 
conventionally known surface modifiers. For example, a silane 
coupling agent, a titanium coupling agent, an aluminum coupling 
agent, etc. can be preferably used as the modifiers. 
[ 0083] The toner according to the present invention may 

contain a release agent. As the release agent, there can be 
used low molecular-weight polyolef in wax, such as polypropylene 
and polyethylene, paraffin wax, Fischer-Trosch wax, ester wax, 
and the like. Further, ester wax represented by the following 
general formula (1) can be preferably used. 
[ 0084] General Formula (1) 

Ri - (OCO-R 2 ) n 

wherein, n designates an integer of 1 to 4, preferably 
2 to 4, and more preferably 3 to 4, particularly preferably 4. 
[ 0085] Ri and R 2 represent hydrocarbon groups which may 

have substituents, respectively. 

Ri has 1 to 40 carbon atoms, preferably 1 to 20 carbon 
atoms, more preferably 2 to 5 carbon atoms. 

R 2 has 1 to 40 carbon atoms, preferably 13 to 29 carbon 
atoms, more preferably 12 to 25 carbon atoms. 

Examples of crystalline compounds according to the 
present invention are shown below. Of course, the present 
invention is not limited to the examples. 
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[ 0086] 

[ Chemical Formula 1] 

1) CHa-tCHjhi-COO-tCHaJ^-CHs 

2) CHa-CCHjha-COO-^CHa^T-CHa 

3) CHa-tCH^-COO-^Ha^-CHa 

4) CHa-CCH^^COO-^^^CHa 

5) CH 3 - (CHjfeo- COO- (CH^— O-CO -(CH^a,- CH 3 

6) CH3 

CH3— (C^^o-COO-CCHafe— CH-CHa-O-CO-tCHafco-CHa 

7) CH3 

CH3— (CH a ) 22 -COO--{CH 2 )2— CH-CHa-O^CO-tCH^-CHa 

8) CH 3 

CH3 (CH 2 ) 22 — COO— CH 2 — C— CH 2 — O-CO— {CHa^—CHj 

9) CH 3 

CHa— (CH^-COO-CHa-C-CHa-O-CO-lCHz^-CHa 
CH 3 

10) CH 2 ~ O- CO - (CH^— CH 3 
CH-O-CO-CCH^— CH 3 
CHj-O-CO-CCH^—CHj 

11) CHa-O-CO-^^— CH 3 
CH-O-CO-tCHate— CH 3 
CHa-O-CO-tCH^— CH 3 

12) CH 2 -OH 
CH-D-CO-tCH^—CH, 
CH 2 - 0-CO- (CHJk— CH3 

13) CH 2 -OH 
CH-O-CO-^^^CK, 
CH 2 -0-CO-(CH2)22— CHa 

14) CH 2 -OH 
CH-OH 

CH 2 — O— CO— (CH2)2fi — CHs 

15) CH 2 -OH 
CH-OH 

CHj-O-CO-fCH^— CH3 
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[ 0087] 

[ Chemical Formula 2] 



16) CH3 
CH 3 ~(CM 2 > 26 -COO-'CH 2 -C-CH 2 -0-CO-(CH 2 ) 26 -CH3 

CHa— O-CO-tCH^-CHj 

17) CHjCH, 
CH 3 -(CH 2 ) 20 --CO0-CH 2 -C-CH 2 -O~CO--{CH 2 > 20 -CHs 

CHa— O-CO-tCH^-CHg 

18) CHj-O-CO-iCHa^-CHa 
CH 3 ~{CH 2 ) 26 ~COO--CH 2 -C-CH 2 --0-CO~(CH 2 ) 28 --CH3 

CH 2 -0-CO-(CH2)26-CH3 

19) CHa-O-CO-CCH^-CHs 
CHg— (CHj)^- COO- CH 2 - CH 2 -0-CO -(CH^ao- CH3 

CH 2 - O - CO- (CHjfco- CHj 

20) CHa-O-CO-CCH^a-CHa 
CHa-^J^-COO-CHa-C-CHj-O-CO-tCH^a-CHa 

CHa-O-CO-CCHajw-CHa 

21) CHa-O-CO-CC^g-CHa 
CHa-tCHaJte-COO-CHa-C-CHa-O-CO^CH^a-CHa 

CH 2 -0-CO-(CH2) 16 -CH 3 

22) CHa-O-CO-CHj, 
CH3— (CH 2 )2 D -COO - CH 2 - C-CH 2 -O- CO - CH3 

CHa-0-CO-CH 3 



[ 0088] The above ester waxes are contained in resin 

particles, and has a function of adding an excellent fixing 
property (adhesiveness to an image support) to the toner 
obtained by fusing the resin particles. 

[ 0089] The amount of the release agent according to the 

present invention, added to the toner is preferably 1 to 30 mass %, 
more preferably 2 to 20 mass %, and further preferably 3 to 15 
mass %, with respect to the whole amount of the toner. Further, 
it is preferable that the toner according to the present 
invention is produced by carrying out steps of dispersing a 
monomer solution formed by dissolving the release agent in the 
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above polymerizable monomer, in water, polymerizing the 
polymerizable monomer, forming particles having the 
above-mentioned ester compounds contained in resin particles 
thereof as release agent, and salting out and fusing the resin 
particles with colorant particles. 

[ 0090] The toner according to the present invention may 

further contain materials capable of adding various functions 
to the toner, in addition to colorants and the release agent. 
Concretely, a charge control agent or the like can be cited. 
The additional component can be added by various methods 
including a method of adding the component together with the 
resin particles and the colorant particles in the 
salting-out/fusing stage, thereby incorporating the component 
in the toner, and a method of adding the component to the resin 
particles themselves . 

[ 0091] Similarly, as the charge control agent, it is 

possible to use various types of known charge control agents 
which can be dispersed in water. Examples of the charge control 
agents include nigrosine dye, metal salts of naphthenic acid 
or higher fatty acids, alkoxylated amines, quaternary ammonium 
salt compounds, azo metal complexes, metal salts of salicylic 
acid and metal complexes thereof. 

[ 0092] The external additives used in the toner according 

to the present invention are explained. It is possible to add 
so-called external additives to the toner according to the 
present invention, so as to improve the fluidity and 
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electrostatic property of the toner, and enhance the cleaning 
property thereof. The external additives are not particularly 
limited, but as the external additives, there can be used 
various kinds of inorganic fine particles, organic fine 
particles, and a smoothing agent. 

[ 0093] As the inorganic fine particles, there can be used 

conventionally known inorganic fine particles. For example, 
fine particles of silica, titania, aluminum, etc. can be 
preferably used. Preferably, the inorganic fine particles 
have hydrophobic property. Examples of the silica fine 
particles include R-805, R-976, R-974, R-972, R-812, and R-809 
available from Nippon Aerosil Co., Ltd., HVK-2150 and H-200 
available from Hoechst Company, TS-720, TS-530, TS-610, H-5, 
and MS-5 available from Cabot Corp. 

[ 0094] Examples of the titania fine particles include 

T-805 and T-604 available from Nippon Aerosil Co. , Ltd. , MT-100S, 
MT-100B, MT-500BS, MT-600, MT-600SS, and JA-1 available from 
TAYCACorp., TA-300SI, TA-500, TAF-130, TAF-510, and TAF-510T 
available from Fuj i Titanium Industry Corp. , IT-S, IT-OA, IT-OB, 
and IT-OC available from Idemitsu Kosan Co., Ltd. 
[ 0095] Examples of the alumina fine particles include 

RFY-C and C-604 available from Nippon Aerosil Co., Ltd., and 
TTO-55 available from Ishihara Sangyo Kaisha, Ltd. 
[ 0096] As the organic fine particles, there can be used 

spherical organic fine particles having a number average 
primary particle size of approximately 10 to 2000 nm. As the 
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organic fine particles, homopolymers , such as styrene, methyl 
methacrylate, and the like, or a copolymer of them can be used. 
[ 0097] Examples of the smoothing agent include metallic 

salts of higher fatty acids, such as stearic acid salts of metals 
including zinc, aluminum, copper, magnesium, and calcium, oleic 
acid salts of metals including zinc, manganese, iron, copper, 
and magnesium, palmitic acid salts of metals including zinc, 
copper, magnesium, and calcium, linoleic acid salts of metals 
including zinc and calcium, and ricinoleic acid salts of metals 
including zinc and calcium. 

[0098] Preferably, the amount of the external additives 

added to the toner is 0.1 to 5 mass %, with respect to the whole 
amount of the toner. Examples of methods of adding the external 
additives include methods using various kinds of conventionally 
known mixing apparatuses, such as a turbula mixer, a Henschel 
mixer, a Nauta mixer, and a V-type mixing machine. 
[ 0099] A method for preparing the electrostatic 

image-developing toner according to the present invention is 
explained. 

«Toner Preparing Method» Preferably, the toner of the 

present invention is prepared by a polymerization method 
including a process for dispersing the above-described 
polymerizable monomer or polymerizable monomer solution, which 
has a release agent dissolved therein, in an aqueous medium, 
and subjecting an aqueous dispersion system of the monomer 
solution to polymerization to thereby prepare a liquid 
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dispersion of resin particles containing the release agent, a 
fusing process for causing fusion of the resin particles using 
the liquid dispersion of resin particles, a filtering/washing 
process for separating the obtained toner particles from the 
aqueous medium by filtration, and washing the toner particles 
to thereby remove a surfactant and the like therefrom, a drying 
process for drying the washed toner particles, and an external 
additive-adding process for adding an external additive to the 
dried toner particles. Now, the above resin particles may be 
colored particles. Further, uncolored particles can be used 
as the resin particles. In this case, by adding the liquid 
dispersion of the colorant particles and so forth to the liquid 
dispersion of the resin particles, and then causing the fusion 
in the aqueous medium, it is possible to obtain colored 
particles . 

[ 0100] As the fusing method, it is particularly preferable 

to perform salting-out /fusing using the resin particles 
generated by the polymerization process. Further, when 
uncolored resin particles are used, the resin particles and 
colorant particles can be salted out and fused in an aqueous 
medium. 

[ 0101] Further, not only the colorant and the release agent 

but also the charge control agents, which are components of the 
toner, can be added as particles in this process. 
[ 0102] In the above description, the term "aqueous medium" 

is intended to mean a medium having a water content of 50 mass % 



34 



or more. The components other than water include water-soluble 
organic solvents, such as methanol, ethanol, isopropanol, 
butanol, acetone, methyl ethyl ketone, and tetrahydrof uran . 
Out of the above organic solvents, alcohol-based organic 
solvents, such as methanol, ethanol, isopropanol, and butanol, 
which do not dissolve any resins, are particularly preferable. 
[ 0103] In the present invention, a preferable 

polymerization method includes a method of adding a 
water-soluble polymerization initiator to a dispersion which 
is formed by dispersing a monomer solution prepared by 
dissolving a release agent in a monomer, in an aqueous medium 
having a surfactant with a concentration equal to or lower than 
a critical micelle concentration, dissolved therein, in the 
form of oil droplets by using mechanical energy, thereby causing 
radical polymerization of the monomer. In this case, an 
oil-soluble polymerization initiator may be added to the 
monomer . 

[ 0104] A dispersing apparatus for conducting oil droplet 

dispersion is not particularly limited, but there may be used 
Clear Mix, an ultrasonic wave dispersing machine, a mechanical 
homogenizer, Manton Gaulin, or a pressure homogenizer. 
[ 0105] The colorant itself may be used after surface 

modification thereof. The surface modification of the 
colorant is performed by dispersing the colorant in a medium, 
adding a modifier to the medium having the colorant dispersed 
therein, and then raising the temperature of the dispersion, 
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for reaction. After completion of the reaction, the colorant 
is filtered, subjected to the filtration and washing repeatedly 
with the same medium, and dried, to thereby obtain pigment 
treated by the surface modifier. 

[ 0106] There is a method for preparing colorant particles 

by dispersing the colorant in an aqueous medium. Preferably, 
the colorant-dispersing process is carried out in the water in 
a state where the concentration of the surfactant has been made 
equal to or higher than the critical micelle concentration 
(CMC) . 

[ 0107] Although the dispersing machine used in the 

colorant-dispersing process is not particularly limited, it is 
preferable to employ pressure dispersing machines, such as 
Clear Mix, the ultrasonic wave dispersing machine, the 
mechanical homogenizer, Manton Gaulin, and the pressure-type 
homogenizer, and medium-type dispersing machines, such as a 
sand grinder, Getzmann Mill, and Diamond Fine Mill. 
[ 0108] In the colorant-dispersing process, the 

aforementioned surfactant can be used. In the process for 
performing the salting-out /fusing, a salting-out agent 
comprised of a an alkali metal salt or an alkaline earth metal 
salt is added to water in which resin particles and colorant 
particles are present, as a flocculant to a concentration not 
lower than a critical f locculation concentration, and then the 
water is heated to a temperature equal to or higher than a glass 
transition temperature of the resin particles, whereby salting 
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out and fusing of the resin particles and the colorant particles 
are caused to proceed at the same time. 

[ 0109] Examples of the alkali metal forming an alkali metal 

salt as the salting-out agent include lithium, potassium, 
sodium, etc., and examples of the alkaline earth metal forming 
an alkaline earth metal salt as the salting-out agent include 
magnesium, calcium, strontium, barium, etc. Among them, 
potassium, sodium, magnesium, calcium, and barium can be 
preferably used. Further, examples of the constituent 
substance of the salts include a chloride salt, a bromide salt, 
an iodide salt, a carbonate salt, a sulfate salt, and the like. 
[ 0110] Although the method for attaining the particle size 

distribution of the toner is not particularly limited, it is 
possible to employ any of methods of controlling the particle 
size distribution e.g. by classification, control of a 
temperature and time during execution of association, and 
control of a manner of termination of the association. 
[ 0111] As a particularly preferable method for attaining 

the particle size distribution of the toner, there can be used 
the method of controlling time, temperature, and a stopping 
speed of association in the water. More specifically, in the 
case of performing the salting-out /fusing, it is preferable to 
make as short as possible a time period over which the aqueous 
medium is left standing after addition of the salting-out agent . 
Although the reason for this is not clear, the flocculated state 
of particles is changed depending on a time period over which 
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the aqueous medium is left standing after the salting-out, 
causing variations in the particle size distribution and the 
surface property of a fused toner. The temperature at which 
the salting-out agent is added is not particularly limited. 
[ 0112] In the present invention, it is preferable to employ 

a method of raising the temperature of the liquid dispersion 
of resin particles as quickly as possible to the temperature 
equal to or higher than the glass transition temperature of the 
resin particles. A time period required for raising the 
temperature of the liquid dispersion up to the target 
temperature is shorter than thirty minutes, preferably shorter 
than ten minutes. Further, it is required to quickly raise the 
temperature of the liquid dispersion of the resin particles, 
and preferably a temperature-raising rate in this case is 
l°C/min. Although the upper limit of the temperature-raising 
rate is not particularly definite, from the viewpoint of 
suppressing the generation of coarse big particles due to a 
rapid progress of the salting-out /fusing, it is preferable that 
the upper limit is equal to or lower that 15°C/min. As an 
especially preferable method, there can be used a method of 
continuing the salting-out/fusing even after the temperature 
of the liquid dispersion of the resin particles is raised to 
a temperature equal to or higher than the glass transition 
temperature of the resin particles. This method makes it 
possible to cause the fusion to effectively proceed together 
with the growth of the particles, thereby making it possible 
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to enhance durability of the toner as a final product. 
[ 0113] Further, if a divalent metal salt is used for 

salting-out and fusing the resin particles during execution of 
the associating process, it becomes possible to control 
particle sizes of the toner in particular. Although the reason 
is not clear, it is presumed that the use of the divalent metal 
salt makes it possible to increase a repulsive force in 
salting-out the resin particles, which makes it possible to 
effectively suppress the dispersion power of the surfactant, 
resulting in control of the particle size distribution. 
[ 0114] Further, it is preferable that a monovalent metal 

salt and water are added for stopping the salting-out/fusing. 
The addition of the monovalent metal salt and water makes it 
possible to stop the salting-out, thereby making it possible 
to control of the presence of large particle-sized components 
and small particle-sized components. 

[ 0115] In the case of a polymerization toner which is 

formed by associating or fusing resin particles with each other 
in an aqueous medium, by controlling the flow of the aqueous 
medium in a reaction vessel and temperature distribution in a 
fusing stage, further by controlling a heating temperature, 
stirring rotation rate and time in a shape-controlling process 
performed after the fusing process, it is possible to change 
the shape distribution and shapes of the whole of the toner as 
desired. 

[ 0116] More specifically, in the case of the 
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polymerization toner which is formed by associating or fusing 
resin particles with each other, a stirring blade and a stirring 
bath, which are capable of forming a laminar flow of an aqueous 
medium in a reactor, and making uniform the temperature 
distribution within the reactor, are used to control 
temperatures, stirring rotation rates and time in the fusing 
process and the shape-controlling process, whereby it is 
possible to form toner having a shape coefficient and a uniform 
shape distribution . The reason for this is presumed as follows : 
When fusion is carried out in a field having the laminar flow 
formed therein, no strong stress is applied to particles 
(associated or flocculated particles) being subjected to 
flocculation and fusion, and at the same time the temperature 
distribution in the stirring bath is made uniform when the 
accelerated laminar flow exists therein, so that the shape 
distribution of fused particles is made uniform. Further, the 
fused particles are progressively made spherical by being 
heated and stirred in the shape-controlling process after the 
fusing process, and hence the shape of toner particles can be 
controlled as desired. 

[ 0117] To control the toner according to the present 

invention for being a predetermined shape, it is preferable to 
cause the salting-out and the fusing to simultaneously proceed. 
The method of performing heating after formation of flocculated 
particles is liable to cause variation in the shape of the 
particles, and further, it is impossible to suppress generation 
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of fine particles. The reason is presumed that since the 
flocculated particles are heated, while being stirred, in the 
aqueous medium, resegmentation of the flocculated particles 
occurs, so that small particle-sized components tend to be 
generated. 

[ 0118] The developing agent used in the present invention 

is explained. When the toner is mixed with a carrier so as to 
use them as a two-component developing agent, it i§ possible 
to use conventionally known materials, such as metals including 
iron, ferrite, and magnetite, and alloys of any of these metals 
and metals including aluminum and lead, as magnetic particles 
of the carrier. Particularly, ferrite particles are 
preferably used. The magnetic particles have volume average 
particle size of 15 to lOOpm, and preferably 25 to 80}am. 
[ 0119] Typically, the volume average particle size of a 

carrier can be measured by "HELOS" (available from SYMPATEC 
Corp.), which is a laser diffraction-type particle size 
distribution measuring apparatus equipped with a wet-type 
dispersion machine. 

[ 0120] Preferably, the carrier is one having magnetic 

particles coated with a resin, or a so-called resin 
dispersion-type carrier having magnetic particles dispersed in 
a resin. Although the resin for coating the magnetic particles 
is not particularly limited, as the coating resin, there can 
be used e.g. olefin resin, styrene resin, styrene-acrylic resin, 
silicone resin, ester resin, fluorine-containing polymer resin, 
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etc. Further, although the resin for forming the resin 
dispersion-type carrier is not particularly limited, there can 
be used known resins, such as styrene-acrylic resin, polyester 
resin, fluorocarbon resin, and phenol resin. 

[ 0121] The electrophotographic photoconductor according 

to the present invention will be described. In the present 
invention, a term "organic photoconductor" is intended to mean 
a photoconductor in which at least one of a charge generating 
substance and a charge transport substance, as a constituent 
of the electrophotographic photoconductor, is formed by an 
organic compound. Hereinafter, a cylindrical organic 
photoconductor will be described. 

[ 0122] Conductive Substrate (Conductive Support) 

As a conductive support according to the present 
invention, which is used as the photoconductor, a cylindrical 
conductive support is used. The term "cylindrical conductive 
support" is used to mean a support having a cylindrical shape 
that is required to be capable of forming images endlessly as 
it rotates. Preferably, the cylindrical conductive support 
has straightness within a range of 0 . 1 mm or less, and vibration 
within a range of 0.1 mm or less. If the straightness and 
vibration of the support exceed the above ranges, it becomes 
difficult for the support to form an excellent image. 
[ 0123] The conductive support may be a metal drum made of 

aluminum, nickel, or the like, a plastic drum formed by 
depositing aluminum, tin oxide, indium oxide, or the like 
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thereon by a vapor deposition method, or a paper/plastic drum 
coated with a conductive substance. Preferably, the 
conductive support has a specific resistance of 10 3 Q-cm or less 
at ordinary temperature. 
[ 0124] Intermediate Layer 

The intermediate layer (UCL) used for the photoconductor 
according to the present invention, is disposed between the 
conductive support and the photosensitive layer so as to improve 
adhesiveness between the conductive support and the 
photosensitive layer, or prevent injection of electric charge 
from the support. Examples of materials for the intermediate 
layer include polyamide resin, vinyl chloride resin, vinyl 
acetate resin, and copolymer resin containing repeating units 
of two or more of the above resins. Out of the above resins, 
the polyamide resin is preferable as a resin capable of 
suppressing an increase in residual potential due to repeated 
use thereof. Further, it is preferable that the intermediate 
layer formed by using the above resins has a film thickness of 
0.01 to 0.5pm. 

[ 0125] An example of a most preferably used intermediate 

layer in the present invetion is an intermediate layer which 
is formed by using a thermoset metallic resin obtained by 
thermosetting an organometallic compound, such as a silane 
coupling agent , and a titanium coupling agent . Preferably, the 
intermediate layer formed by using a thermoset metallic 
compound has a film thickness of 0.1 to 2pm. 
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[ 0126] Another example of a preferable intermediate layer 

is an intermediate layer which contains a titanium oxide and 
a binder resin, and is formed by dispersing the titanium oxide 
in a binder resin solution, and applying the solution. 
[ 0127] Titanium oxides can be used which are different in 

crystal form, particle size, and surface treatment state, A 
preferable example of the titanium oxides is a titanium oxide 
having an anatase-type crystal structure with particle sizes 
of 0.02 to 0.5]im, a more preferable example of the titanium 
oxides is a titanium oxide not having been subjected to any 
surface treatment, or a titanium oxide whose surface has been 
treated with organic silane. 

[ 0128] As a binder contained in the intermediate layer, 

a polyamide resin is preferably used which excellently 
disperses titanium oxide, and is excellent in adhesiveness 
between the intermediate layer and the support, and between the 
intermediate layer and a layer formed thereon. Of course, the 
binder resin is not limited to the polyamide resin. 
[ 0129] Hereinafter, a preferable photoconductive layer 

for the organic photoconductor according to the present 
invention is described . 
Photosensitive Layer 

The photosensitive layer for the organic photoconductor 
of the present invention may be of a one-layered structure in 
which one layer having a charge generating function and a charge 
transport function is formed on an undercoat layer, such that 
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the one layer. More preferably, however, the photosensitive 
layer is of a function-separated structure in which the 
photosensitive layer is divided into a charge generating layer 
(CGL) and a charge transport layer (CTL) such that the two layers 
separately have the respective functions of the photosensitive 
layer. If the photosensitive layer is of the 

function-separated structure, it is possible to suppress an 
increase in rest potential due to repeated use, and it is easy 
to control other electrophotographic characteristics 
according to the purpose. Preferably, a photoconductor for 
negative charging is configured such that a charge generating 
layer (CGL) is formed on an undercoat layer, and a charge 
transport layer (CTL) is disposed on the charge generating layer 
(CGL) . In the case of a photoconductor for positive charging, 
the order of the layers in the layer structure is reverse to 
that of the photoconductor for negative charging. The most 
preferable construction of the photosensitive layer according 
to the present invention is the function-separated structure 
of the photoconductor for negative charging. 

[ 0130] A description will be given of the structure of the 

photosensitive layer of the function-separated organic 
photoconductor for negative charging. 

«Charge Generating Layer» The charge generating layer 
according to the present invention contains a charge generating 
substance and a binder resin and is formed by dispersing the 
charge generating substance in the binder resin solution, and 
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applying the solution. 

[ 0131] The charge generating substance is a known 

phthalocyanine compound, preferably a titanyl phthalocyanine 
compound or a hydroxygallium phthalocyanine compound, and more 
preferably a titanyl phthalocyanine compound, such as the 
Y-type, A-type (p-type) , or the like, of titanyl phthalocyanine, 
having a characteristic main peak at the Bragg angle 29 with 
respect to a Cu-Ka characteristic X-ray line (wavelength 1.54 
A) . These oxy-titanyl phthalocyanines are disclosed in 
Jp-Tokukaihei-10-69107A. Further, the above-mentioned charge 
generating substances may be used singly or in combination of 
two or more kinds thereof, for example, the Y-type and the A-type, 
or in combination of the charge generating substances and 
polycyclic quinone, such as a perylene pigment. 
[ 0132] " As the binder for the charge generating layer, there 

can be used known resins, such as polystyrene resin, 
polyethylene resin, polypropylene resin, acrylic resin, 
methacrylic resin, vinyl chloride resin, vinyl acetate resin, 
polyvinylbutyral resin, epoxy resin, polyurethane resin, 
phenol resin, polyester resin, alkyd resin, polycarbonate resin, 
silicone resin, and melamine resin as well as copolymer resin 
including two or more of the above resins (e.g. vinyl 
chloride-vinyl acetate copolymer resin, vinyl chloride-vinyl 
acetate-maleic anhydride copolymer resin) , and 
poly-vinylcarbazole resin. Of course, the binder resin for the 
charge generating layer is not limited to the above examples. 



[ 0133] Preferably, the charge generating layer is formed 

by dispersing, with a dispersing machine, a charge generating 
substance in a solution prepared by dissolving a binder into 
a solvent, to thereby prepare a coating solution, applying the 
coating solution on a film by a coating machine such that the 
film has a predetermined film thickness, and then drying the 
coated film. 

[ 0134] Examples of the solvent for dissolving the binder 

resin used for forming the charge generating layer include 
toluene, xylene, methylene chloride, 1 , 2-dichloroethane, 
methyl ethyl ketone, cyclohexadiene, ethyl acetate, butyl 
acetate, methanol, ethanol, propanol, butanol, methyl 
cellosolve, ethyl cellosolve, tetrahydrof uran, 1, 4-dioxane, 
1, 3-dioxolan, pyridine, and diethylamine . Of course, the 
solvent is not limited to the above examples. 
[ 0135] As for dispersing the charge generating substances, 

there can be used the ultrasonic wave dispersing machine, a ball 
mill, a sand grinder, a homomixer, etc., although the dispersing 
is not limited to the examples. 

[ 0136] As the coating machine for forming the charge 

generating layer, there can be used an immersion coating machine, 
a ring coater, and the like, although the coating machine is 
not limited to the above machines. 

[ 0137] Preferably, the mixing ratio of the charge 

generating substance to the binder resin is 1 to 600 parts by 
mass of the charge generating substance to 100 parts 
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(hereinafter the term "parts" is intended to mean "parts by 
mass") of the binder resin, more preferably 50 to 500 parts of 
the former to 100 parts of the latter. It is preferable that 
the film thickness of the charge generating layer is 0.01 to 
5pm, though depending on characteristics of the charge 
generating substance, those of the binder resin, and the mixing 
ratio of the charge generating substance to the binder resin. 
[ 0138] «Charge Transport Layer» The charge 

transport layer according to the present invention contains a 
charge generating substance and a binder resin, and is formed 
by dissolving the charge generating substance in the binder 
resin solution, and applying the solution. 
[ 0139] Examples of the charge generating substance 

include not only charge generating substances expressed by a 
general formula in Jp-Tokugan-2000-360998 , but also a mixture 
of two or more of carbazole derivatives, oxazole derivatives, 
oxadiazole derivatives, thiazole derivatives, thiadiazole 
derivatives, triazole derivatives, imidazole derivatives, 
imidazolone derivatives , imidazolidine derivatives , 
bisimidazolidine derivatives, styryl compounds, hydrazone 
compounds, pyrazoline compounds, oxazolone derivatives, 
ben z imidazole derivatives , quinazoline derivatives, 
benzofuran derivatives, acridine derivatives, phenazine 
derivatives, aminos tilbene derivatives, triarylamine 
derivatives, phenylenediamine derivatives, s tilbene 
derivatives, benzidine derivatives , poly-N-vinylcarbazoles , 
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poly-l-vinylpyrene, and poly-9-vinylanthracene . 
[ 0140] As the binder resin for the charge transport layer, 

there can be used known resins, such as polycarbonate resin, 
polyacrylate resin, polyester resin, polystyrene resin, 
styrene-acrylonitrile copolymer resin, polymethacrylate resin, 
and styrene-methacrylate copolymer resin. Among them, 
polycarbonate resin is preferably used. Further, BPA 
(bisphenol A), BPZ (bisphenol Z) , dimethyl BPA, BPA-dimethyl 
BPA copolymer, and the like are preferably used since they are 
excellent in suppressing generation of cracks, and have high 
wear resistance and favorable charging characteristics. 
[ 0141] Preferably, the charge transport layer is formed 

by dissolving a binder resin and a charge transport substance 
into a solvent to prepare a coating solution, applying the 
coating solution by a coating machine to a predetermined film 
thickness, and then drying the film of the coating. 
[ 0142] Examples of the solvent for dissolving the binder 

resin and the charge transport substance include toluene, 
xylene, methylene chloride, 1 , 2-dichloroethane, methyl ethyl 
ketone, cyclohexadiene, ethyl acetate, butyl acetate, methanol, 
ethanol, propanol, butanol, tetrahydrof uran, 1,4-dioxane, 
1, 3-dioxolan, pyridine, and diethylamine . Of course, the 
solvent is not limited to the above examples . 
[ 0143] Preferably, the mixing ratio of the charge 

transport substance to the binder resin is 10 to 500 parts by 
mass of the charge transport substance to 100 parts (hereinafter 



49 



the term "parts" is intended to mean "parts by mass") of the 
binder resin, more preferably 20 to 100 parts of the former to 
100 parts of the latter. 

[ 0144] Preferably, the film thickness of the charge 

transport layer is 10 to 100pm, and more preferably 15 to 40]jm, 
though depending on characteristics of the charge transport 
substance, those of the binder resin, and the mixing ratio of 
the charge transport substance to the binder resin. 
[ 0145] Further, an AO agent, an EA agent, a stabilizer, 

or the like may be added to the charge transport layer. As the 
AO agent, it is preferable to use an AO agent disclosed in 
Jp-Tokuganhei-11-200135 . As the EA agent, it is preferable to 
use those disclosed in Jp-Tokukaisho-50-137543A, and 
Jp-Tokukaisho-58-7 64 8 3A. 

[0146] «Protective Layer» In order to increase 

durability of the toner, a protective layer may be formed on 
the charge transport layer. As the binder resin for the 
protective layer, there can be used known resins, such as 
polycarbonate resin, polyacrylate resin, polyester resin, 
polystyrene resin, styrene-acrylonitrile copolymer resin, 
polymethacrylate resin, and styrene-methacrylate copolymer 
resin. There may be also used siloxane-based resins disclosed 
in Jp-Tokukaihei-09-190004A, Jp-Tokukaihei-10-095787A, and 
Jp-Tokukaihei-2000-171990A. 

[ 0147] In the above, the most preferable layer structure 

of the organic photoconductor in the present invention is 
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exemplified. However, the organic photoconductor may comprise 
layer structures other than the above. 

[ 014 8] Image Forming Appratus and Image Forming Method 

Next, an image forming method according to the present 
invention will be described with reference to the drawings. 
[ 0149] FIG. 2 shows the construction of an 

electrophotographic printer as one of the examples of the image 
forming apparatus according to the present invention. 
[ 0150] Reference numeral 1 designates an 

electrophotographic photoconductor drum, which has a 
photosensitive material, such as an organic photoconductor 
(OPC) or the like, formed on a substrate in the form of a cylinder 
or belt made of aluminum, nickel, or the like (the illustrated 
example has a cylindrical shape) . The uniform charging is 
carried out on the surface of the photoconductor drum 1 by an 
charging roller 2 of a charging section. Next, scanning and 
exposing are carried out by a laser scanner 3 of an exposure 
section, based on an image signal. The laser scanner 3 scans 
blinking of a semiconductor laser by using a polygon scanner, 
and irradiates a laser beam on the photoconductor drum 1. 
Whereby an electrostatic latent image is formed on the 
photoconductor drum 1. The formed electrostatic latent image 
is developed by a developing unit 4 of developing section. For 
the development of the electrostatic latent image, jumping 
development, two-component development, FEED development, or 
the like is employed, and usually, in combination with reverse 
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development in which the toner is attached to portions whose 
electric potential is reduced by the lighting of the laser. 
[ 0151] A toner image formed by the development of the 

electrostatic latent image is transferred to a transfer 
material by a charging roller of a transfer section. The 
transfer material is contained in a cassette 5, and sent out 
one by one, by a paper feed roller 6. It should be noted that 
the transfer material is also referred to as a recording 
material, an image support, transfer paper, etc., normally 
plain paper is used as the transfer material, but it is not 
particularly limited in the kind of material so long as it is 
flat-shaped and allows a toner image to be transferred thereto 
by the transfer section. 

[ 0152] Actually, when a print signal is received from a 

host computer, the transfer material is fed by the paper feed 
roller 6, and sent to the position of a transfer roller 8 of 
the transfer section by a timing roller 7 in synchronism with 
the print signal. At the position of the transfer roller 8, 
a toner image is transferred onto the transfer material by the 
transfer roller 8. The transfer roller 8 is formed by a 
conductive elastic body having a low hardness. The transfer 
roller 8 is a mechanism in which the transfer is 
electrostatically carried out by a bias electric field at a nip 
section formed by the photoconductor drum 1 and the transfer 
roller 8. 

[ 0153] The toner image transferred on the transfer 
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material is fixed by a fixing device 9 of the transfer section. 
Then, the transfer material is sent out of the apparatus by a 
exit roller 10, and exited to an exit tray 11. On the other 
hand, toner which is not transferred but remains on the 
photoconductor drum is cleaned by a blade of a cleaner 12 of 
a cleaning section. 

[0154] FIG. 3 is a sectional view schematically showing 

the construction of a process cartridge which is removable to 
(capable of being inserted into or removed from) the image 
forming apparatus in FIG. 2. The process cartridge C supports 
the photoconductor drum 1, the charging roller 2, the developing 
unit 4, and the cleaner 12. Further, the process cartridge C 
is provided with a shutter 14 for protecting the photoconductor 
drum 1. The process cartridge C according to the present 
invention is only required to include at least one of the 
photoconductor drum 1, which is an image carrier, the charging 
section, the developing section, the transfer section, and the 
cleaning section. 

[ 0155] The process cartridge is configured such that it 

is capable of freely driving the photoconductor drum for 
rotation, and further applying a desired voltage to the charging 
roller using an external high-voltage power supply. 
[ 0156] The present invention is explained in more detail. 

Contact Charging Section 

The charging section may be based on corona charging, or 
may also be based on contact charging effected by direct contact 
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with the photoconductor contact charging method. The contact 
charging has the merit of generating a reduced amount of ozone. 
[ 0157] As the contact charging section, which is 

preferable for the present invention, there can be employed 
various charging members such as a magnetic brush type, an 
charging roller type, a blade type, a brush charging type, and 
the like. Among them, the charging members of the charging 
roller type and the magnetic brush type are preferable since 
they make it easy to obtain uniformity of charging. In the 
following, the charging by the charging roller type and the 
magnetic brush type will be described in detail. 
[ 0158] «Charging Roller» In the present invention, it is 

possible to bring an charging roller formed by a conductive 
elastic member into contact with a photoconductor (image 
carrier) to apply a voltage to the charging roller, thereby 
electrically charging the photoconductor. 
[ 0159] FIG. 4 shows the construction of an 

electrophotographic photoconductor drum as a body for 
electrostatic charging, and an charging roller as the contact 
charging section. 

[0160] In FIG. 4, reference numeral 1 designates the 

photoconductor drum, which is comprised of a grounded 
conductive substrate la made of aluminum having a thickness of 
1 mm, and an organic photosensitive layer lb formed on the outer 
peripheral surface of the substrate la. The photoconductor 
drum 1 has an outer diameter of 30 mm, and is driven for rotation 
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in a direction indicated by an arrow in FIG. 4 at a predetermined 
peripheral velocity . 

[ 0161] Reference numeral 2 designates the charging roller. 

The charging roller comprises a conductive core metal 2a made 
of an SUS (Steel Use Stainless; JIS) , and a conductive elastic 
layer 2b formed on the outer peripheral surface of the 
conductive core metal 2a and made of polyurethane rubber 
containing carbon. The charging roller 2 has an outer diameter 
of 12 mm. Further, the charging roller 2 is brought into 
pressure contact with the surface of the photoconductor drum 
1 by spring members, which is not shown, at opposite ends in 
the direction of the length of the conductive core metal 2a (in 
a direction perpendicular to the page of FIG. 2) . Accordingly 
the charging roller 2 is driven for rotation. 
[ 0162] When a predetermined voltage is applied to the 

charging roller 2 by a high-voltage power supply 8, the surface 
of the photoconductor drum 1 is charged to a predetermined 
potential. Preferably, the voltage applied to the charging 
roller 2 is an oscillation voltage obtained by superimposing 
the AC voltage on the DC voltage. The term "oscillation 
voltage" is intended to mean a voltage whose voltage value 
periodically varies with the lapse of time. 
[ 0163] It is preferable for purposes of obtaining 

uniformity of charging that the oscillation voltage has a 
peak-to-peak voltage two or more times as high as a voltage at 
the start of charging the surface of the photoconductor drum 
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1 by applying only the DC voltage to the charging roller 2. 
Further, the waveform of the oscillation voltage is not limited 
to a sinusoidal waveform, but it may be may be a rectangular 
waveform, a triangular waveform or a pulse waveform, but the 
sine waveform which does not contain harmonic components is 
preferable from the viewpoint of preventing charging noises. 
Furthermore, the waveform of the oscillation voltage may be that 
of the pulse waveform which is formed by turning on and off the 
DC voltage. 

t 0164] For the charging roller type, there may be employed 

any of a DC charging method of applying the DC voltage to the 
roller, and an induction charging method of applying the AC 
voltage to the roller. 

[ 0165] The frequency f of the voltage applied in the 

dielectric charging method may be optionally chosen, and to 
prevent strobing, i.e. stripes, an appropriate frequency can 
be chosen according to the relative speed of the conductive 
elastic roller and the image carrier. This relative speed may 
be determined by the size of the contact area between the 
conductive elastic roller and the image carrier. 
[ 0166] The conductive elastic roller comprises a core 

metal and a layer of a conductive elastic member (also simply 
referred to as "the conductive elastic layer" or "the conductive 
rubber layer") coated around the core metal. 

[ 0167] Examples of a rubber composition usable for forming 

the above conductive rubber layer include polynorbornene rubber, 
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ethylene-propylene rubber, chloroprene rubber, acrylonitrile 
rubber, silicone rubber, and so forth. These rubbers can be 
used singly or in the form of a mixture rubber comprised of two 
or more of them. 

[ 0168] To add conductivity to the above rubber composition, 

the rubber composition is blended with an electrical 
conductivity additive. Examples of suitable electrical 
conductivity additives include known carbon black (furnace 
carbon black or Ketjen black) , metal powders of tin oxide and 
the like. The correct amount of the conductivity additive used 
is 5 to 50 parts per 100 parts of the whole amount of the rubber 
composition . 

[ 0169] In addition to a rubber substrate, a foaming agent, 

and the conductivity additive, a rubber chemical and a rubber 
additive may be blended in the rubber composition to form an 
electrically conductive foam rubber composition. As the 
rubber chemical and the rubber additive, there can be used 
vulcanizing agents, such as sulfur and peroxide, vulcanizing 
assistants, such as hydrozincite and stearic acid, 
vulcanization accelerators, such as a sulf enamide-based 
vulcanization accelerator, a thiuram-based vulcanization 
accelerator, a thiazole-based vulcanization accelerator, and 
a guanidine-based vulcanization accelerator, antiaging agents, 
such as an amine-based antiaging agent, a phenol-based 
antiaging agent, a sulfur-based antiaging agent, and a 
phosphorus-based antiaging agent, as well as antioxidant agents, 
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ultraviolet ray absorbers, ozone deterioration inhibitors, and 
adhesion additives- Further, various kinds of reinforcing 
agents, friction-coefficient regulating agents, and inorganic 
fillers, such as silica, talc, and clay, can be selectively used 
as desired. Preferably, the conductive rubber layers have DC 
specific volumetric resistance within a range of 10 3 to 10 7 Q • cm. 
[ 0170] Further, in order to prevent toner or the like 

remaining on the surface of the photoconductor from adhering 
to the charging member, a releasing coating layer may be formed 
on the outer surface of the conductive elastic layer. The 
coating layer has functions of preventing oil from oozing from 
the elastic layer, and eliminating unevenness of resistance of 
the elastic layer to make the resistance of the elastic layer 
can be made uniform, protecting the surface of the charging 
roller, adjusting the hardness of the charging roller, and so 
forth. 

[ 0171] The coating layer may be made of any type insofar 

as it satisfies the requirement of the above physical properties, 
and may have a one layer structure or a multilayer structure. 
As the materials, hydrin rubber, polyurethane rubber, and 
resins, such as nylon, polyvinylidene fluoride, and 
polyvinylidene chloride can be cited. Further, it is 
preferable that the coating layer has a thickness of 100 to 
1000]im, and a resistance value of 10 5 to 10 9 Q-cm. Preferably, 
the resistance value of the coating increases toward the its 
outer surface. To adjust the resistance of the coating layer, 
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a method may be employed in which a conductive substance, such 
as carbon black, a metal, and a metal oxide is caused to be 
contained therein. 

[ 0172] To adjust the surface roughness Rz of the charging 

roller, it is preferable to cause powder to be contained in the 
surface layer (conductive elastic layer or coating layer) of 
the charging roller. Although it may be any of inorganic and 
organic powders, it is particularly preferable to use a silica 
powder when the inorganic powder is used. 

[ 0173] As the organic powder, there can be used urethane 

resin particles, nylon particles, silicone rubber particles, 
epoxy resin particles, and so forth. These resins may be used 
singly or in a mixture of two or more kinds thereof. A suitable 
powder may be selected from substances which can adjust the 
surface roughness Rz of the surface layer to a range of 0.05 
to 10.0pm. However, it is easy to attain a desired range of 
the surface roughness, when the particle size of a powder is 
in a range of 1 to 20pm. If the particle size of a powder exceeds 
20pm, the surface roughness Rz as well exceeds 10.0pm, which 
prevents the desired goal from being attained. Inversely, when 
the particle size of a powder is smaller than 1pm, the surface 
roughness Rz of the powder is liable to be smaller than 0.05pm, 
which also prevents the desired goal from being attained. 
[ 0174] The preferable range of the surface roughness Rz 

is between 0.05 to 10.0pm, since the filming of the toner on 
the surface of the roller is markedly exhibited when the surface 
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roughness Rz exceeds lO.Oym, whereas when the surface roughness 
Rz is smaller than 0.05]im, adhesiveness between the charging 
roller and the photoconductor drum is increased to increase a 
contact area therebetween, whereby it is impossible to suppress 
charging noises . 

[ 0175] It is preferred that the amount of a powder 

contained in the surface layer is 5 to 20 parts by mass per 100 
parts by mass of a resin, and the powder is dispersed. 
[ 0176] The charging roller according to the present 

invention can be manufactured e.g. in the following manner: 
First, a rotational shaft (core metal) made of metal is placed 
in a mold having a cylindrical molding space, a material for 
forming a conductive elastic body layer is filled in the mold, 
and the conductive elastic body layer is formed around the outer 
peripheral surface of the rotational shaft by carrying out 
vulcanization. Then, the rotational shaft having the 
conductive elastic body layer formed on the outer peripheral 
surface thereof is taken out. On the other hand, a material, 
such as a urethane resin or the like, a powder, a conductivity 
additive, and other additives are blended, and the blend is 
mixed and stirred e.g. by using a ball mill to thereby prepare 
a mixture of materials for forming a surface layer. Then, this 
mixture is coated on the surface of the rotational shaft having, 
the conductive elastic body layer by a dip method, a roll coating 
method, or a spray coating method, to a uniform thickness, dried, 
and heated for curing. Thus, an charging roller with a 
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two- layer structure can be manufactured . 

t 0177] Preferably, the charging roller obtained as above 

is formed such that the surface roughness Rz of the surface layer 
thereof, which is the outermost layer of the roller, is in a 
range of 0.05 to 10.0pm. 

[ 0178] A bias voltage comprised of a DC component and an 

AC component is applied to the charging roller 2 (and the 
transfer roller 8) appearing in FIG. 2 from the power supply, 
whereby the photoconductor drum 1 is charged, and a toner image 
is transferred to a transfer material in a state where a very 
small amount of ozone is generated. The bias voltage is 
comprised of a DC bias of ± 500 to 1000 V under normal conditions, 
and an AC bias of 100 Hz to 10 kHz, 200 to 3500 V (p-p) , 
superimposed on the DC bias.. 

[ 0179] The charging roller 2 and the transfer roller 8 are 

driven or forced for rotation by being brought into pressure 
contact with the photoconductor drum 1. 

[ 0180] The pressure contact with the photoconductor drum 

1 is set to a range of 0.10 to 1.0 N/cm, and the rotational speed 
of the roller is set to be once to eight times as fast as the 
peripheral velocity of the photoconductor drum 1. 
[ 0181] The charging roller 2 (and the transfer roller 8) 

is/are comprised of a core metal, and a rubber layer which is 
formed on the outer periphery of the core metal as a conductive 
elastic member made of chloroprene-rubber , urethane rubber, 
silicone rubber, or the like, or alternatively a sponge layer 
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formed of the same. Preferably, the charging roller 2 (and the 
transfer roller 8) is/are configured, to have a protective layer 
formed by a releasing fluorocarbon resin or silicone resin 
having a thickness of 0.01 to lpm, at the outermost layer 
thereof. 

[0182] «Magnetic Brush» Next, the magnetic particles for 

forming the charging magnetic brush is explained. 
[ 0183] FIG. 5 shows- the arrangement of a contact-type 

magnetic brush charging device , and FIG. 6 shows the 
relationship between an AC bias voltage applied by the charging 
device appearing FIG. 5, and a charge potential. 
[ 0184] In general, when the volume average particle size 

of magnetic particles forming the charging magnetic brush is 
large, napping of the magnetic brush formed on a charging 
magnetic particle conveyer (carrier) is made rough, so that even 
if the photoconductor drum is charged while being vibrated by 
an electric field, unevenness of the magnetic brush is liable 
to occur, which brings about the problem of unevenness of 
charging. To solve this problem, it is only required to reduce 
the volume average particle size of magnetic particles. As the 
results of experiments, the desired effect starts to be produced 
when the volume average particle size is reduced to 200yim or 
less. Particularly, when the volume average particle size is 
reduced to 150^m or less, no problem is actually brought about 
by the roughness of napping of the magnetic brush. However, 
when the particles become too small in size, they are made liable 
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to adhere to the surface of the photoconductor drum during 
charging or fly without adhering to the surface. Although this 
phenomenon is related to the strength of the electric field 
acting on the particles, and the intensity of magnetization of 
the particles, in general, it markedly occurs when the volume 
average particle size of the particles is reduced to 20pm or 
less . 

[ 0185] From the above, it is preferable that the volume 

average particle size of the magnetic particles not larger than 
200pm and not smaller than less and 20pm or more, and the magnetic 
particles having particle sizes equal to or smaller than a half 
of the number average particle size of the magnetic particles 
are equal to or smaller than 30% in number. The intensity of 

magnetization employed is preferably 3.75 x 10' 5 to 12.5 x 10" 5 
wb-m/kg. 

[ 0186] The above magnetic particles can be obtained by 

subjecting particles of any of ferromagnetic substances, which 
are the same as those described above as the magnetic materials 
of the magnetic carrier particles of the conventional 
two-component developing agent, including metals of iron, 
chromium, nickel, cobalt, and the like, and compounds and alloys 
of these, such as triiron tetroxide, Y"~f err i c oxide, chromium 
dioxide, manganese monoxide, ferrite, manganese-copper based 
alloys, or alternatively particles obtained by coating surfaces 
of the above magnetic substance particles with a resin, such 
as a styrene resin, a vinyl resin, a ethylene resin, a 
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rosin-modified resin, an acrylic resin, a polyamide resin, an 
epoxy resin, a polyester resin, or the like, or resin particles 
obtained by producing resins containing dispersed magnetic 
substance fine particles, to particle size selection by the 
conventionally known average particle size selection. 
[ 0187] Further, if magnetic particles are formed into a 

spherical shape, it is also possible to obtain advantageous 
effects that a particle layer formed on the carrier can be made 
uniform, and further a high bias voltage can be uniformly 
applied to the carrier. More specifically, the spherical shape 
of magnetic particles produces the following advantageous 
effects: (1) In general, magnetic particles are more easily 
magnetically attracted in the longitudinal direction thereof. 
However, the directional property is eliminated by forming the 
particles into a spherical shape. Therefore, the magnetic 
particle layer is uniformly formed, thereby making it possible 
to prevent occurrence of locally low-resistance regions and 
unevenness of the layer thicknesses. (2) As magnetic particles 
come to have a higher resistance, edge portions existing in the 
conventional particles are eliminated to prevent concentration 
of an electric field to the edge portion. As a consequence, 
even if a high bias voltage is applied to the carrier of the 
charging magnetic particles, the discharge occurs uniformly 
over the surface of the photoconductor drum, whereby unevenness 
of charging can be prevented. 

[ 0188] As the spherical particles which produce the 
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advantageous effects as described above, conductive magnetic 
particles are preferable which are formed such that they have 
a resistivity in a range between 10 5 to 10 10 Q-cm. This value 
of resistivity is obtained by filling particles in a vessel 
having a cross-sectional area of 0.50 cm 2 for tapping, then 
placing a load of 1 kg/cm 2 on the particles, and reading a current 
value produced when a voltage generating an electric field of 
1000 V/cm is applied between the load and a bottom electrode. 
If the resistivity is low, when a bias voltage is applied to 
the carrier, electric charge is injected into the magnetic 
particles, so that the magnetic particles become liable to 
adhere to the surface of the photoconductor drum, and the 
photoconductor drum becomes easy to undergo dielectric 
breakdown due to the bias voltage. On the other hand, if the 
resistivity is high, the electric charge injection does not 
occur to prevent the magnetic particles from being charged. 
[ 0189] Further, it is desirable that magnetic particles 

used for the contact-type magnetic brush charging device have 
a small specific gravity and an appropriate maximum 
magnetization so as to cause the magnetic brush formed by the 
magnetic particles to be swiftly moved by a vibrating electric 
field, and moreover inhibit the particles from flying out . More 
specifically, it has been found that satisfactory results can 
be obtained by using magnetic particles having a true specific 
gravity of 6 or less, and a maximum magnetization of 3.75 x 10~ 5 
to 12.5 x 10" 5 wb-m/kg, in particular, 2.5 x 10~ 5 to 10.0 x 10" 5 
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wb-m/kg. 

[ 0190] With the above all things considered, it is 

desirable that magnetic particles are made spherical in shape 
such that the ratio of a major axis to a minor axis of each 
magnetic particle is at least three or less, they have no 
projections, such as needle-like portions and edge portions, 
and their resistivity is preferably in a range between 10 5 to 
10 10 Q-cm. Such spherical magnetic particles are manufactured 
by selecting as spherical substance particles as possible, by 
carrying out making-spherical treatment after forming 
dispersed resin particles using as fine magnetic substance 
particles as possible, in the case of particles of a magnetic 
substance fine particle-dispersed system, or by forming 
dispersed resin particles by a spray dry method. 
[ 0191] Referring to FIG . 5 and FIG. 6, the magnetic brush 

charging device 120 as the charging section is comprised of a 
cylindrical charging sleeve 120a which is made e.g. of an 
aluminum material or a stainless material, as a charging 
magnetic particle carrier arranged in a manner opposed to the 
rotating photoconductor drum 1, such that it rotates at a 
location (charging location T) close to the photoconductor drum 
rotation 1 toward the same side (in the counterclockwise 
direction in the case of the sleeve 120a) as the side toward 
which the photoconductor drum 1 rotates (in the clockwise 
direction in the case of the photoconductor drum 1), a magnet 
body 121 disposed in the charging sleeve 120a and having north 
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poles and south poles, a magnetic brush of magnetic particles 
formed on the outer peripheral surface of the charging sleeve 
120a by the magnet body 121, for charging the photoconductor 
drum 1, a scraper 123 for scraping off magnetic particles of 
the magnetic brush on the charging sleeve 120a at an N-N magnetic 
pole portion of the magnet body 121, a stirring screw 124 for 
stirring magnetic particles in the magnetic brush charging 
device 120, or causing used magnetic particles to flood from 
an exit 125 of the magnetic brush charging device 120 for 
discharging the same when new magnetic particles are supplied, 
and a nap-regulating plate 126 for regulating the nap of the 
magnetic brush. Preferably, the charging sleeve 120a is 
rotatable with respect to the magnet body 121 such that it is 
rotated at a location opposed to the photoconductor drum 1 in 
the same direction (counterclockwise direction in the case of 
the charging sleeve 120a) as the direction of movement of the 
photoconductor drum 1, at a peripheral velocity 0.1 to 1.0 times 
as fast as that of the photoconductor drum 1. Further, as the 
charging sleeve 120a, there is used an electrically conductive 
carrier to which a charging bias voltage can be applied. 
Particularly, an electrically conductive carrier is preferably 
used which is configured to contain a magnet body 121 having 
a plurality of magnetic poles provided inside the conductive 
charging sleeve 120a on the surface of which a particle layer 
is formed. In the carrier constructed as above, the magnetic 
particle layer formed on the surface of the conductive charging 
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sleeve 120a moves with an undulation caused by relative rotation 
of the sleeve 120a with respect to the magnet body 121. 
Therefore, even when the magnetic particle layer formed on the 
surface of the conductive charging sleeve 120a has a little 
unevenness in layer thickness due to successive supply of new 
magnetic particles, an adverse influence of the unevenness of 
the layer thickness is sufficiently accommodated by the 
undulation of the magnetic particle layer, so that no actual 
problem is brought about. Preferably, the surface of the 
conductive charging sleeve 120a has an average surface 
roughness of 5.0 to 30iam, so as to stably carry magnetic 
particles. This is because an extremely smooth surface of the 
sleeve 120a makes it impossible to carry a sufficient amount 
of magnetic particles, whereas an extremely rough surface of 
the sleeve 120a causes an overcurrent to flow from convex 
portions of the surface. In both of the cases, uneven charging 
is liable to occur. To obtain the required surface roughness, 
the sandblast treatment is preferably employed. Preferably, 
the charging sleeve 120a has an outer diameter of 5.0 to 20 mm. 
This makes it possible to secure a contact region required for 
charging. If the contact region is too large, an extremely 
large charging current is caused to flow, whereas if the contact 
region is too small, unevenness of charging is made liable to 
occur. Further, when the charging sleeve 120a is caused to have 
a small outer diameter as described above, magnetic particles 
are made liable to fly out or attach to the photoconductor drum 
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1 by centrifugal force. Therefore, it is preferable that the 
linear velocity of the charging sleeve 120a is almost the same 
as, or slower than the moving velocity of the photoconductor 
drum 1 . 

[ 0192] Further, it is preferable that the magnetic 

particle layer formed on the surface of the charging sleeve 120a 
has a uniform thickness after sufficiently scraping off 
magnetic particles by regulation. When the amount of magnetic 
particles existing in the charging region on the surface of the 
charging sleeve 120a is too large, the magnetic particles are 
not sufficiently vibrated, thereby causing abrasion of the 
photoconductor and unevenness of charging, and making an 
overcurrent liable to flow to increase drive torque of the 
charging sleeve 120a. Inversely, when the amount of magnetic 
particles existing in the charging region on the surface of the 
charging sleeve 120a is too small, there occurs a portion whose 
contact with the photoconductor drum 1 is incomplete. This 
causes attachment of the magnetic particles to the 
photoconductor drum 1 or unevenness of charging. After 
conducting many experiments, it has been found that the amount 
of adhering magnetic particles in the charging region is 
preferably 100 to 400 mg/cm 2 , particularly preferably 200 to 
300 mg/cm 2 . It should be noted that the above amount of the 
adhering magnetic particles is an average value in the charging 
region of the charging brush. 

[ 0193] A peripheral surface of the photoconductor drum 1 
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is brought into sliding contact with the charging sleeve 120a 
of the magnetic brush charging device 120 for charging the 
photoconductor drum 1. To the charging sleeve 120a is applied 
a charging bias obtained by superimposing an AC bias AC3 on a 
DC bias E3 as required. In this case, for example, as the DC 
bias E3 is used a voltage between -100 to -500 V, having the 
same polarity (minus polarity in the present embodiment) as the 
toner, and as the AC bias AC 3 is used a voltage between 300 to 
500 V(p-p) with a frequency of 1 to 5 kHz. Between the charging 
sleeve 120a and the photoconductor drum 1, there is formed a 
vibrating electric field by application of the voltage of the 
above AC bias AC 3 , so that an electric charge is smoothly 
injected from the magnetic brush to the photoconductor, whereby 
a uniform high-speed charging is performed. 

[ 0194] The magnetic brush on the charging sleeve 120a, 

after having charged the electrophotographic photoconductor 
drum 1, is dropped from the charging sleeve 120a by the scraper 
123 at the N-N magnetic pole portion provided in the magnet body 
121, and stirred by the stirring screw 124 rotating at a portion 
close to the charging sleeve 120a toward the opposite side (in 
the counterclockwise direction) to the side toward which the 
charging sleeve 120a rotates (in the counterclockwise 
direction) . After that, the magnetic brush is formed again and 
carried to the charging portion T. 

[ 0195] As shown in FIG. 6, the relationship between a 

peak-to-peak voltage V(p-p) of the AC bias AC 3 in the charging 



70 



bias and the charge potential is characterized in that as the 
peak-to-peak voltage V(p-p) is increased, the charge potential 
is increased, and the charge potential is saturated at a value 
approximately equal to a value VS of the DC bias E3 in the 
charging bias at a fixed peak-to-peak voltage V(p-p) of VI, and 
hardly changes even if the peak-to-peak voltage V(p-p) is made 
larger than the fixed voltage VI - While the electric resistance 
of magnetic particles is changed depending on environmental 
conditions, it is increased e.g. due to fusion of toner to 
surfaces of magnetic particles as the magnetic particles are 
used. Therefore, a characteristic curve of newly used magnetic 
particles is positioned on a left side as indicated by a solid 
line (a) , whereas a characteristic curve of magnetic particles 
after a long-term use is positioned on a right side as indicated 
by a dotted line (b) . 

[ 0196] In the contact-type charging device for the image 

forming apparatus according to the present invention, the 
voltage value of the DC bias E3 corresponding to the charge 
potential is set to a predetermined value when the power is 
turned on, or before printing operation is started, and a 
charging bias obtained by progressively increasing the 
peak-to-peak voltage V(p-p) of the AC bias AC 3 from a low value 
is applied. An electrometer ES detects changes in the charge 
potential of the photoconductor drum 1 occurring at this time. 
The detected charge potential is converted to a digital value 
by an A/D converter, and then inputted to a control section (CPU) . 
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The control section defines the value of the peak-to-peak 
voltage V(p-p) obtained when the charge potential has reached 
a saturation point, i.e. the predetermined value VS, as a proper 
bias value VI, and instructs printing operation. 
[ 0197] More specif ically, when the printing operation is 

to be carried out, the value VI of the V(p-pj of the AC bias 
AC3 is determined by progressively increasing (sweeping) the 
AC bias AC3 from a low value, and a bias signal is outputted 
from the control section. After converted to an analog value 
by a D/A converter, this control signal is delivered to the AC 
bias AC3, which outputs the determined peak-to-peak voltage 
value VI. At this time, a predetermined value V2 stored in a 
memory for execution of replacement of deteriorated magnetic 
particles is red out, and compared with the value of the 
peak-to-peak voltage VI. The resistance of magnetic particles 
is increased as the toner is mixed therein, so that the proper 
bias value VI is increased as the magnetic particles are used 
for printing operation. When the proper bias value VI is 
increased, the peak-to-peak voltage V(p-p) to be applied to the 
DC bias E3 is also increased, thereby causing a state incapable 
of charging. Image forming operation is continued so long as 
the measured value is smaller than the predetermined value V2 
indicative of incapability of charging, but when the measured 
value is larger than the predetermined value V2, the control 
section delivers a signal for stopping the image forming 
operation, whereby the image forming operation is stopped, and 
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a failure of the charging device is displayed in a display of 
an operation section, not shown. In response to the display, 
a supply bottle 220 for supply of charging magnetic particles 
to the charging device 120 is set in the magnetic brush charging 
device 120, and a lid, not shown, formed in the bottom of the 
supply bottle 220 is opened to drop and supply the magnetic 
particles in the magnetic brush charging device 120. Although 
in the above description, the electrometer ES is used to detect 
the charge potential of the electrophotographic photoconductor 
drum 1, this is not limitative, but there may be used a method 
in which a DC ammeter is connected to a bias power supply to 
change the AC bias V(p-p) , and the peak-to-peak voltage V(p-p) 
obtained when the current value has reached a saturation point 
is defined as a proper bias value VI, whereby the proper bias 
value VI and the predetermined value V2 are compared with each 
other so as to supply magnetic particles when the predetermined 
value V2 exceeds the value VI. 

[ 0198] Further, during maintenance of the image forming 

apparatus, or periodically upon execution of 50000 times of 
printing operations, charging magnetic particles are replaced. 
Whenever printing operation is performed for maintenance 
according to data stored in the memory, or periodically e.g. 
upon execution of 50000 times of printing operations, the 
control section delivers a magnetic particle-replacing signal. 
In response to the magnetic particle-replacing signal, a drive 
motor, not shown, is driven for rotating a supply roller 221 
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disposed in the supply bottle 220 set in advance, whereby the 
whole amount of magnetic particles within the supply bottle 220 
is dropped into the magnetic brush charging device 120 by one 
operation. The control may be provided such that after supply 
of the magnetic particles, removal of the empty supply bottle 
220 and setting of a new supply bottle 220 places the image 
forming apparatus in an operative state. Further, when the 
periodic supply of magnetic particles is executed, magnetic 
particles may be supplied in the following manner: The control 
section displays a supply signal at the operation section, not 
shown, e.g. by flashing of a lamp or the like, and a supply bottle 
220 is sets in the magnetic brush charging device 120, and then 
the lid, not shown, formed in the bottom surface of the supply 
bottle 220 is opened to supply the magnetic particles. 
[ 0199] The dropped magnetic particles are carried by the 

rotated charging sleeve 120a, scraped off the surface of the 
charging sleeve 120a by the scraper 123, and supplied to the 
bottom of the magnetic brush charging device 120. Then, used 
magnetic particles contained in the magnetic brush charging 
device 120 are caused to flood from the exit 125 by the stirring 
screw 124 rotated counterclockwise, and collected through a 
duct DB by a magnetic particle-collecting container 300 in 
common use. At this time, it is preferable that the amount of 
magnetic particles supplied from the supply bottle 220 to the 
magnetic brush charging device 120 by one operation is 20 to 
50 mass % with respect to all the magnetic particles to be 
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contained in the magnetic brush charging device 120. If the 
amount is smaller than 20 mass %, the amount of newly supplied 
magnetic particles is too small so that replacing effect cannot 
be obtained, which prevents excellent charging from being 
performed, whereas if the amount is larger than 50 mass %, new 
magnetic particles flood from the exit. 

[ 0200] According to the charging device described above, 

it is possible to maintain an excellent charging performance 
for a long time period, without deteriorating magnetic 
particles in the charging device. 

[ 0201] Developing Agent and Developing Condition 

Next, a description will be given of the developing agent 
and developing conditions used in the present invention. 
[ 0202] Although the toner according to the present 

invention may be used both for a single-component developing 
agent and a two-component developing agent, it is preferably 
used for a two-component developing agent. 

[ 0203] When the toner is used for the single-component 

developing agent, the toner as it is may be directly used as 
a nonmagnetic single-component developing agent, but normally 
it is .used as a magnetic single-component developing agent by 
causing magnetic particles having a volume average particle 
size of approximately 0.1 to 5\im to be contained in toner 
particles. As the method of causing magnetic particles to be 
contained in the toner, there is generally employed a method 
of causing magnetic particles to be contained in nonspherical 
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toner particles, similarly to the colorant. 

[ 0204] Further, the toner can be used for the two-component 

developing agent, by mixing the same with a carrier. In this 
case, as magnetic particles of the carrier, there are used 
conventionally known materials, such as metals including iron, 
ferrite, and magnetite, and alloys of these metals with aluminum, 
lead, and the like. Particularly, ferrite particles are 
preferably used. The magnetic particles have a volume average 
particle size of 15 to lOOpm, and preferably 25 to 60pm. 
[ 0205] Typically, the volume average particle size of a 

carrier can be measured by "HELOS" (available from SYMPATEC 
Corp.), which is a laser diffraction-type particle size 
distribution measuring apparatus equipped with a wet-type 
dispersion machine. 

[ 0206] The carrier is preferably one having magnetic 

particles further coated with a resin, or a so-called resin 
dispersion-type carrier having magnetic particles dispersed in 
a resin. Although the composition of the resin for coating the 
magnetic particles is not particularly limited, there can be 
used e.g. olefin resin, styrene resin, styrene-acrylic resin, 
silicone resin, ester resin, fluorine-containing polymer resin, 
etc. Further, although the resin for forming the resin 
dispersion-type carrier is not particularly limited, there can 
be used known resins, such as styrene-acrylic resin, polyester 
resin, fluorine resin, and phenol resin. 

[ 0207] Further, as the development method, there can be 
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used both a contacting development method and a non-contacting 
development method. When the non-contacting development 
method is employed, it is possible to perform normal development 
by non-contacting development, and reversal development by 
non-contacting development. The absolute value of a DC 
developing electric field is 1 x 10 3 to 1 x 10 5 V/cm, preferably, 
5 x 10 3 to 10 4 V/cm. If the absolute value of the DC developing 
electric field is smaller than 10 3 V/cm, underdevelopment is 
caused, resulting in an insufficient image density, whereas if 
the absolute value exceeds 10 5 V/cm, the image quality becomes 
coarse, causing fogging of the image. 

[ 0208] As to the AC bias, the voltage thereof is between 

0.5 to 4 kV(p-p), preferably between 1 to 3 kV(p-p), while the 
frequency thereof is between 0.1 to 10 kHz, preferably between 
2 to 8 kHz. If the voltage of the AC bias is smaller than 0.5 
kV(p-p), toner particles adhering to the carriers are not 
released to cause insufficient non-contacting development, 
which results in an insufficient image density. Further, if 
the voltage of the AC bias exceeds 4 kV(p-p), carriers in the 
developing agent fly to be attached to the photoconductor . 
Further, if the frequency of the AC bias is lower than 0.1 kHz, 
the release of toner particles from the carriers becomes 
insufficient, which results in underdevelopment and lowered 
image density. Further, if the frequency of the AC bias exceeds 
10 kHz, the toner cannot follow up changes in the electric field, 
which causes defective development to lower image density. 
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[ 0209] Cleaning Section 

Although there are a large number of cleaning section, 
at present, a cleaning blade method is used in almost all the 
cases. In this method, the cleaning can be performed under a 
wide range of conditions, and exhibit stable cleaning 
characteristics. However, due to the use of a rubber blade 
which is pressed against the photoconductor , there sometimes 
occur vibrations and unusual noise, and curling of blade is 
liable to occur. 

[ 0210] For example, in the image forming apparatus shown 

in FIG. 2, after the transfer of an image, a cleaning device 
12 corresponding to the cleaning section is brought into 
pressure contact with the photoconductor drum 1, thereby 
cleaning the photoconductor drum 1, and makes the same ready 
for a next image forming operation. 

[ 0211] In this case, a wide range of cleaning blades can 

be used as the cleaning blade irrespective of a material thereof, 
so long as they have rubber elasticity. Of these blades, a blade 
made of polysilicone or polyurethane, particularly, the blade 
made of polyurethane is preferable. 

[ 0212] FIG. 4 is a diagram schematically showing one of 

examples of the color image forming apparatus used in the 
present invention . 

[ 0213] A color electrophotographic image forming 

apparatus has a body having first, second, third, and fourth 
image forming sections Pa, Pb, Pc, and Pd arranged in parallel 
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with each other. The image forming sections have the same 
construction, and form respective visible images (toner images) 
of different colors. 

[ 0214] The image forming sections Pa, Pb, Pc, and Pd 

include respective dedicated electrostatic latent image 
carriers (electrophotographic photoconductor drums ) la, lb, lc, 
and Id. Images on the electrophotographic photoconductor 
drums (sometimes simply referred to as photoconductor drum) la, 
lb, lc, and Id, formed by the respective image forming sections 
Pa, Pb, Pc, and Pd are transferred onto a recording material 

(also referred to as a "transfer material") which is carried 
by a recording material carrier 18 moved along a path adjacent 
to the image forming sections. Further, the images transferred 
onto the recording material are fixed by a fixing section 

(fixing device) lOy by being heated under pressure, and the 
recording material is exited onto a tray 61. 

[ 0215] Next, a latent image forming section of each image 

forming section will be described. Around the peripheries of 
the photoconductor drums la, lb, lc, and Id, there are disposed 
charge-eliminating exposure lamps 21a, 21b, 21c, and 21d, 
drum-charging devices 2a, 2b, 2c, and 2d, laser beam-emitting 
exposure devices 17a as image exposure section, potential 
sensors 22a, 22b, 22c, and 22d. The photoconductor drums la, 
lb, lc, and Id, whose static electricity is eliminated by the 
charge-eliminating exposure lamps 21a, 21b, 21c, and 21d, are 
uniformly charged by the drum-charging devices 2a, 2b, 2c, and 
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2d. And then, the electrophotographic photoconductor drums la, 
lb, lc, and Id are exposed to laser beams emitted by the laser 
beam-emitting exposure devices 17a, whereby electrostatic 
latent images having undergone color separation processing are 
formed on the electrophotographic photoconductor drums la, lb, 
lc, and Id according to image signals. The image forming 
apparatus can suitably employ, as the above image exposure 
section, not only the laser beam-emitting exposure devices 17a 
but also known multi-valued exposure section which can emit a 
beam in a plurality of levels of light quantity in addition to 
a an off (zero quantity ) -level , for each of units of image 
elements (pixels), as in the case of an LED (light emitting 
diode) array exposure device. 

[ 0216] The electrostatic latent images formed on the 

photoconductor drums la, lb, lc, and Id are developed by the 
developing section into visible images. More specifically, 
the developing section includes developing devices 3a, 3b, 3c, 
and 3d having predetermined amounts of developing agents of cyan, 
magenta, yellow, and black colors contained therein, 
respectively, so as to develop the electrostatic latent images 
formed on the electrophotographic photoconductor drums la, lb, 
lc, and Id into visible images (toner images) . 
[ 0217] Next, a description will be given of a transfer 

section. A recording material 6y held in a recording 
material-holding cassette 60 is supplied to the recording 
material carrier 18 via a resist roller. 
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[ 0218] When the recording material carrier 18 starts to 

be rotated, a recording material is carried from the resist 
roller to the recording material carrier 18. At this time, an 
image-writing signal is turned ON, and an image is formed on 
the first electrophotographic photoconductor drum la in 
appropriate timing . 

[ 0219] Disposed below the first electrophotographic 

photoconductor drum la are a transfer charging device 4a and 
a transfer urging member 41a. A uniform urging force is applied 
toward the photoconductor drum by the transfer urging member 
41a, and at the same time an electric field is imparted by the 
transfer charging device 4a, whereby the toner image on the 
photoconductor drum la is transferred onto the recording 
material. At this time, the recording material is held on the 
recording material carrier 18 by an electrostatic attraction 
force, and the recording material is carried to the second image 
forming section Pb, where the next transfer operation is carried 
out. In the following, toner images formed by the third and 
fourth image forming sections Pc and Pd are transferred onto 
the recording material by the same method as described above. 
The recording material has static electricity thereof 
eliminated by a separation charging device (separation 
electrode) 9y, whereby it is released from the recording 
material carrier 18 due to reduced electrostatic attraction 
force, and is carried to the fixing section (fixing device) lOy. 
[ 0220] The fixing section 10 is comprised of a fixing 
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roller 71, a pressurizing roller 72, heat-resistant cleaning 
members 73 and 74 for cleaning the respective rollers 71 and 
12, heaters 75 and 76 for heating the respective rollers 71 and 
12, an oil applying roller 77 for applying a release agent oil, 
such as dimethylsilicone, to the fixing roller 71, an oil sump 
78 for supplying the release agent oil, and a thermistor 79 for 
control of a fixing temperature. 

[ 0221] After the transfer of the toner images, toners and 

the like remaining on the photoconductor drums la, lb, 1c, and 
Id are cleaned by photoconductor-cleaning sections 5a, 5b, 5c, 
and 5d, to be made ready for the next latent image-forming 
operation to be successively performed. Further, the toners 
and the like remaining on the recording material carrier 18 have 
static electricity thereof eliminated by a belt 
charge-eliminating device, to thereby eliminate an 
electrostatic attraction force thereof, and then are cleaned 
by a cleaning device 62 provided with a non-woven fabric, in 
the present example. As the cleaning device 62, it is possible 
to use a fur brush, a blade, and a device using them in 
combination . 
[ 0222] 

[ Example] Now, Examples of the present invention will be 
described in detail. Of course, the present invention is by 
no means limited to these Examples. It should be noted that 
in the following, "parts" means "parts by mass". 
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[ 0223] «photoconductor» 

«Preparation of Liquid Dispersion» Intermediate layer 
dispersions were prepared as described hereinafter. 
[ 0224] 

(Preparation of Intermediate Layer Dispersion 1) 

Polyamide resin "CM-8000" (available from Toray 

Industries Inc.): 1.0 part 

Titanium oxide "SMT-500-SAS" (available from TAYCA Corp; 

surface treatment was effected by silica treatment, alumina 

treatment, methylhydrogenpolysiloxane treatment) : 

3.0 parts 

Methanol: 10 parts 

The polyamide resin was dispersed for 10 hours by the batch 
method using a sand mill as a dispersion machine, whereby an 
intermediate layer dispersion 1 was prepared. 
[ 0225] (Preparation of Intermediate Layer Dispersion 2) 

1 part of polyamide resin "CM-8000" (available from Toray 
Industries Inc.) was added to a solvent mixture of 7 parts of 
methanol and 3 parts of 1-propanol, and dissolved, whereby an 
intermediate layer dispersion 2 was prepared, 
t 0226] (Preparation of Intermediate Layer Dispersion 3) 

Zirconium chelate compound "ZC-540" (available from 
Matsumoto Chemical Industry Co., Ltd.): 200 parts 

Silane coupling agent "KBN-903" (available from 
Shin-Etsu Chemical Co., Ltd.): 100 parts 

Methanol: 700 parts 
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Ethanol: 300 parts 

A solution of a mixture of these was prepared to form an 
intermediate layer dispersion 3. 
[ 0227] ((Preparation of Photoconductor» 

Photoconductor 1 

The following intermediate layer coating solution 1 was 
prepared, and applied to a washed cylindrical aluminum 
substrate by a dip coating method, whereby, an intermediate layer 
having a dry film thickness of 2\im was formed. The intermediate 
layer was dried slowly at a low temperature such that Benard 
cells were stably produced. More specifically, the 
intermediate layer was dried at 60 °C for 90 minutes, and then 
further dried at 40°C for 30 minutes. 

[ 0228] <Intermediate layer (UCL) Coating Liquid 1> 

The intermediate layer dispersion 1 was diluted with the 
same solvent mixture by a factor of two, was allowed to stand 
overnight, and thereafter filtrated (filter; Rigimesh filter 
available from Nippon Pall Corporation; nominal filtration 
accuracy; 5]i, pressure; 50kPa) 

[ 0229] The components of the following composition were 

mixed, and dispersed by the sand mill, whereby a charge 
generating layer coating liquid was prepared. This coating 
liquid was deposited by the dip coating method, whereby a charge 
generating layer having a dry film thickness of 0 . 3\im was formed 
on the intermediate layer. 

[ 0230] <Charge Generating Layer (CGL) Coating Liquid> 



84 



Y-type oxy-titanyl phthalocyanine (maximum peak angle of 
X-ray diffraction by a Cu-Ka characteristic X-ray is 27.3 at 
29) : 20g 

Polyvinylbutyral (# 6000-C, available from Denki Kagaku 
Kogyo KK) : 10 parts 

Butyl-t-acetate: 700 parts 

4-methoxy-4-methyl-2-pentanone: 300 parts 

The components of the following composition were mixed, 
and dissolved, whereby a charge transport layer coating liquid 
was prepared. This coating liquid was deposited on the charge 
generating layer by the dip coating method, and a charge 
transport layer having a film thickness of 24pm was formed, 
whereby the photoconductor 1 was prepared. 

t 0231] <Charge Transport Layer (CTL) Coating Liquid> 

Charge transport material 
[ N- (4-methylphenyl) -N-{ 4- ( (3-phenylstyryl ) phenyl} -p-toluidin 
e: 75 parts 

Polycarbonate resin "Iupilon-Z300" (available from 
Mitsubishi Gas Chemical Company, Inc.): 100 parts 

THF/toluene (volume ratio 7/3) : 750 parts 

Photoconductor 2 

A photoconductor 2 was prepared in the same manner as the 
photoconductor 1 was prepared except that the intermediate 
layer dispersion 2 was used in place of the intermediate layer 
dispersion 1 used in preparing the photoconductor 1, and the 
intermediate layer was formed to have a dry film thickness of 
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0 . 5pm. 

[ 0232] Photoconductor 3 

A photoconductor 3 was prepared in the same manner as the 
photoconductor 1 was prepared except that the intermediate 
layer dispersion 3 was used in place of the intermediate layer 
dispersion 1 used in preparing the photoconductor 1, and the 
intermediate layer was formed to have a dry film thickness of 
0 . 5|im. 

[ 0233] Photoconductor 4 

A photoconductor 4 was prepared in the same manner as the 
photoconductor 1 was prepared except that a cylindrical 
aluminum substrate subjected to anodic oxidation sealing was 
used for the substrate. 
[ 0234] «Mass additive» 

Mass additive 1. A plate (300mm long x 70mm wide x 10mm 
thick, 12. 2g) made of a resin foam "Calm Flex F9M" (available 
from INOAC Corp) brought into intimate contact with the inner 
surface of the photoconductor drum (corresponding to 11% of the 
mass of the photoconductor including a flange) . 
[ 0235] Mass additive 2. A plate (the same size as above, 

11. 7g) made of a resin foam "Calm Flex F6" (available from INOAC 
Corp) brought into intimate contact with the inner surface of 
the photoconductor drum (corresponding to 10% of the mass of 
the photoconductor including the flange) . 

[ 0236] Mass additive 3. A plate (the same size as above) 

made of a polystyrene foam brought into contact with the inner 
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surface of the photoconductor drum by using its own elasticity 
(corresponding to 5% of the mass of the photoconductor including 
the flange) . 

[ 0237] Mass additive 4. A cylindrical iron body having 

a weight of 60g adhered to the inner surface of a central portion 
of the photoconductor drum (corresponding to 54% of the mass 
of the photoconductor including the flange) . 
[0238] Mass additive 5. A semi-cylindrical aluminum 

body having a weight of 15g adhered to the inner surface of a 
portion of the photoconductor drum, 3cm away from the center 
of the electrophotographic photoconductor drum (corresponding 
to 13% of the mass of the photoconductor including the flange) . 
[ 0239] Mass additive 6. A plate having a thickness of 3mm 

(corresponding to 5% of the mass of the photoconductor including 
the flange) made of polyphenylene sulfide, brought into contact 
with the inside of the photoconductor drum by using its own 
elasticity. 

[ 0240] «Developing Agent» 

«Preparation of Latex 1» A separable flask having a 

capacity of 5000ml and equipped with a stirring device, a 
temperature sensor, a cooling pipe, and a nitrogen-introducing 
device was charged with a solution obtained by dissolving 7 . 08g 
of anionic activator ( sodium dodecylbenzenesulf onate : SDS) in 
2760g of ion-exchange water, and the internal temperature was 
raised to 80°C, with stirring at a stirring speed of 230 rpm 
under a nitrogen gas stream. 72. Og of an exemplified compound 
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19 was added to a monomer consisting of 115 . lg of styrene, 42 . Og 
of n-butyl acrylate, and 10. 9g of methacrylic acid, and the 
resulting mixture was heated to 80 °C to dissolve the exemplified 
compound to thereby prepare a monomer solution . Then, the above 
heated solutions were mixed and dispersed by using a mechanical 
dispersing apparatus having a circulation path, whereby 
emulsified particles dispersed with a uniform dispersed 
particle size was prepared. After that, an initiator solution 
prepared by dissolving 0.84g of polymerization initiator 
(potassium persulfate: KPS) in 200g of ion-exchange water was 
added to the dispersion, and the system was heated with stirring 
at 80°C for three hours, whereby latex particles were prepared. 
A solution prepared by dissolving 7.73g of polymerization 
initiator (KPS) in 240ml of ion-exchange water was added to the 
obtained latex particles, and after 15 minutes, when the 
temperature was 80°C, a mixture consisting of 383 . 6g of styrene, 
140. Og of n-butyl acrylate, 36. 4g of methacrylic acid, and 14g 
of n-octyl-3-melcaptopropionic acid ester was dropwise added 
over 120 minutes . The resulting system was heated with stirring 
for 60 minutes, and then cooled down to 40 °C, whereby latex 
particles were obtained. The latex particles will be referred 
to as the "latex 1". 

[ 0241] ((Preparation of Colored Particles» 

(Preparation of Colored Particles lBk) 9.2g of sodium 
n-dodecyl sulfate was dissolved in 160ml of ion-exchange water, 
with stirring. While stirring the solution, 20g of Regal 330R 



88 



(carbon black available from Cabot Corporation) was gradually 
added thereto, and then dispersed using Clear Mix. A particle 
size of the colorant particles in the obtained colorant 
dispersion was measured using the electrophoretic light 
scattering spectrophotometer "ELS-800" (available from Otsuka 
Electronics Co., Ltd.) . The measured particle size was 120nm 
in weight average particle size. The dispersion will be 
referred to as the "colorant dispersion 1". 

[0242] A four-neck flask having a capacity of 5 liters and 

equipped with a temperature sensor, a cooling pipe, a 
nitrogen-introducing device, and a stirring device was charged 
with 1250g of the "latex 1", 2000ml of ion-exchange water, and 
the "colorant dispersion 1" . After the internal temperature 
was adjusted to 30°C, 5mol/liter of aqueous sodium hydroxide 
solution was added to the mixture to adjust the pH to 10.0. Then, 
to the resulting liquid mixture, a solution prepared by 
dissolving 52 . 6g of magnesium chloride hexahydrate in 72ml of 
ion-exchange water was added with stirring at 30 °C over 5 
minutes. The mixture was allowed to stand for 2 minutes, and 
the temperature of the system started to be raised up to 90 °C 
over 5 minutes (temperature-raising rate of 12 °C /min) . In this 
state, particle sizes of the growing particles were measured 
using the "Coulter Counter TA-II", and when the volume average 
particle size reached 4.3pm, a solution prepared by dissolving 
115 g of sodium chloride in 700 ml of ion-exchange water was 
added to stop the growth of the particles. Further, the salting 
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out/fusing of particles was continued by heating at a liquid 
temperature of 85 ± 2°C for 8 hours with stirring. Subsequently, 
the system was cooled down to 30°C at a cooling rate of 6°C /min, 
and hydrochloric acid was added to adjust the pH to 2 . 0, followed 
by stopping the stirring operation. The generated colored 
particles were filtered and washed, and then, dried in a warm 
air flow at 40°C, to thereby obtain colored particles. The 
colored particles obtained will be referred to as the "colored 
particles lBk". 

[ 0243] (Preparation of Colored Particles 1Y) 

Colored particles were obtained in the same manner as the 
colored particles lBk were prepared except that C.I. pigment 
yellow 185 was used in place of the carbon black used in preparing 
the colored particles lBk. The colored particles obtained will 
be referred to as the "colored particles 1Y" 
[ 0244] (Preparation of Colored Particles 1M) 

Colored particles were obtained in the same manner as the 
colored particles lBkwere prepared except that C.I. pigment red 
122 was used in place of the carbon black. The colored particles 
obtained will be referred to as the "colored particles 1M" . 
[ 0245] (Preparation of Colored Particles 1C) 

Colored particles were obtained in the same manner as the 
colored particles lBk were prepared except that C.I. pigment 
blue 15:3 was used in place of the carbon black. The colored 
particles obtained will be referred to as the "colored particles 
(1C)". 
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[ 0246] (Preparation of Colored Particles 2Bk, 3Bk, 4Bk, 

and 5Bk) Colored particles 2Bk, 3Bk, 4Bk, and 5Bk were 
obtained in the same manner as the colored particles lBk were 
prepared except that manufacturing conditions for 
manufacturing the colored particles lBk were changed to 
manufacturing conditions shown in Table 1. 

[ 0247] (Preparation of Colored Particles 6Bk to 8Bk) 

Colored particles 6Bk to 8Bk were obtained in the same 
manner as the colored particles lBk were prepared except that 
manufacturing conditions for manufacturing the colored 
particles lBk were changed to manufacturing conditions shown 
in Table 1, and the growth of the particles was stopped when 
the volume average particle size reached 3.8pm, whereby the 
colored particles 6Bk to 8Bk were prepared. 

[ 0248] (Preparation of Colored Particles 9Bk to HBk) 

Colored particles 9Bk to HBk were obtained in the same 
manner as the colored particles lBk were prepared except that 
manufacturing conditions for manufacturing the colored 
particles lBk were changed to manufacturing conditions shown 
in Table 1, and the growth of the particles was stopped when 
the volume average particle size reached 5.5pm, whereby the 
colored particles 9Bk to HBk were prepared. 

[ 0249] (Preparation of Colored Particles 12Bk and 13Bk) 

Colored particles 12Bk and 13Bk were obtained in the same 
manner as the colored particles lBk were prepared except that 
the growth of the particles was stopped when the volume average 
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particle size reached 1.5)jm, and 9.3yim, whereby the colored 
particles 12Bk and 13Bk were prepared, respectively. 
[ 0250] (Preparation of Colored Particles 4Y) 

Colored particles were obtained in the same manner as the 
colored particles 4Bk were prepared except that C.I. pigment 
yellow 185 was used in place of the carbon black. The colored 
particles obtained will be referred to as the "colored particles 
4Y". 

[ 0251] (Preparation of Colored Particles 4M) 

Colored particles were obtained in the same manner as the 
colored particles 4Bk were prepared except that C.I. pigment 
red 122 was used in place of the carbon black. The colored 
particles obtained will be referred to as the "colored particles 
4M". 

[ 0252] (Preparation of Colored Particles 4C) 

Colored particles were obtained in the same manner as the 
colored particles 4Bk were prepared except that that C.I. 
pigment blue 15:3 was used in place of the carbon black. The 
colored particles obtained will be referred to as the "colored 
particles 4C". 

[ 0253] Manufacturing conditions for manufacturing the 

colored particles are shown in Table 1, and the physical 
properties of the colored particles obtained are shown in Table 
2. 
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[ 0254] 
[ Table 1] 
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[ 0255] 
[ Table 2] 
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[ 0256] (Preparation of Toner Particles) To the 

obtained colored particles lBk to 13Bk, the colored particles 
1Y, 1M, 1C, 4Y, 4M, and 4C, 1 mass % of hydrophobic silica (number 
average primary particle size: 12nm, degree of hydrophobicity : 
68), and hydrophobic titanium oxide (number average primary 
particle size: 20nm, degree of hydrophobicity: 63) were added, 
and mixed by the Henschel mixer, whereby toners lBk to 13Bk, 
toners 1Y to 1C, and toners 4Y to 4C were obtained. 
[ 0257] It should be noted that the physical properties, 

such as shapes and particle sizes, of the toners were the same 
as data of the physical properties of the colored particles 
shown in Table 2 . 

t 0258] (Preparation of Developing Agents) Each of the 

above types of toner particles is mixed with ferrite carrier 
particles coated with silicone resin, and having a volume 
average particle size of 60pm, whereby developing agents lBk 
to 13Bk, developing agents 1Y to 1C, and developing agents 4Y 
to 4C, all of which have a tone concentration of 6%, were prepared, 
respectively. 

[ 0259] Subsequently, the above photoconductors 1 to 4, the 

mass-adding bodies, the developing agents were combined with 
each other as indicated in Table 3 (Examples 1 to 12, and 
Comparative Examples 1 to 6) , to form images by using evaluating 
machines, such as modified machines 1 and 2 of "Sitios 7040" 
(digital copying machine, available from Konica Corporation) , 
and obtained images were evaluated for comparison. 
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[ 0260] Modified Machine 1 

The charging device was changed from a scorotron to the 
charging roller appearing in FIG. 4. 
[ 0261] Modified Machine 2 

The charging device was changed from a scorotron to the 
charging roller appearing in FIG. 4. 

[0262] «Evaluation of Image Quality» 100,000 

copies of an original image formed by a character image, a photo 
of a human face, an all white image, and an all black image, 
each having a pixel ratio of 70%, and occupying one of four equal 
areas of the original image, were continuously copied, and 
evaluated after termination of the continuous copying 
operation . 

[ 0263] Criteria for evaluations are shown hereinafter. 

The results of the evaluations are shown in Table 3. 

Fogging: Absolute reflection density of the all white 
image was measured by using a Macbeth reflection densitometer 
"RD-918". 
[ 0264] 

A ... 0.005 or less (favorable) 

B ... 0.005 or more and smaller than 0.01 (level 

presenting no practical problems) 

D ... 0.01 or more (presenting practical problems) 

Sharpness: determined by fine-line images 

On the other hand, sharpness was determined based on 

generational copies of a Japanese Kanji letter "IS" in Mincho 
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typeface/9.6 point. The character image of "31" was copied 
through ten generations, and it was visually checked by ten 
persons whether or not the character image is legible as a letter, 
whereby the number of generations of legible letter was 
determined based on an average value of evaluations values of 
the ten persons. 
[ 0265] 

A ... 9 generations or more (favorable) 
B ... 5 to 8 generations (level presenting no practical 
problems) 

D . . . 4 generations or less (presenting practical 
problems) 

Unevenness of halftone: determined based on the 
difference (AHD = maximum density - minimum density) in a 
halftone image 

A ... 0.05 or less (favorable) 

B ... 0.05 or more and smaller than 1 (level presenting 
no practical problems) 

D ... 0.1 or more (presenting practical problems) 
«Evaluation of Cleaning Property» 

Ranks of abnormal noises (e.g. blade squeaking), and 
curling of blade, which occurred during the continuous copying 
operation. The cleaning was performed by the blade cleaning 
method. 
[ 0266] 

A ... There occurred no abnormal noise nor curling of 



97 



blade. Cleaning property as well is favorable. 

C ... There occurred abnormal noises or curling of blade. 
D ... There occurred both abnormal noises and curling of 

blade . 

[ 0267] Uneven abrasion (Film thickness of each 

photoconductor was measured at 50 locations thereof at 
intervals equally spaced in the horizontal and vertical 
directions with respect to the axis of the cylinder, whereby 
differences in film thickness dependent on the locations of the 
photoconductor were determined. ) 

A . . . Maximum difference 2pm or less (favorable) 
B ... Difference 2 to 4\im (level presenting no practical 
problems) 

D . . . Difference larger than 4pm (presenting practical 
problems) 

The results of the evaluation are shown in Table 3. 
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[ 0268] 
[ Table 3] 
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[ 0269] From Table 3, it is obvious that the combinations 

of electrophotographic photoconductors and developing agents 
according to the present invention (Example) provide images 
higher in quality and exhibit excellent cleaning properties 
compared with the combination according to the Comparative 
Examples . 

[ 0270] «Evaluation of Color Difference» 

Using a combination of developing agent groups, 
photoconductors, and mass-adding bodies shown in Table 4 
(Example 13, and Comparative Examples 7 and 8), and a color 
copying machine shown in FIG. 7, evaluation was performed. The 
developing devices of Y/M/C/Bk were arranged around the 
laminated-type photoconductor, and the colors were developed 
on the photoconductors, respectively. Then, the developed 
color images were transferred to a transfer material (paper) 
to thereby form a full-color image. The cleaning of the 
photoconductors were performed by the blade cleaning method. 
The fixation of the image was performed using a heating fixing 
device of pressure-contact type. 

[ 0271] The evaluation was carried out by printing on 1000 

sheets at a 25% full-color pixel ratio under the 
high-temperature high-humidity environment of 30°C/80%RH, and 
the color difference between an image on the first sheet and 
an image on the 1000th sheet was evaluated. The color 
difference was evaluated by the following method. 
[ 0272] That is, colors of a corresponding solid image 
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portion of secondary colors (red, blue, and green) on each image 
was measured by "Macbeth Color-Eye 7000", and the color 
difference was calculated using the CMC (2:1) color difference 
equation. 

[ 0273] The color difference obtained by the CMC (2:1) color 

difference equation has a smaller value as the color difference 
is smaller. When the color differences is not greater than 5, 
it means that a change in the color tint of an image is at an 
acceptable level. The obtained results are shown in Table 4. 
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[ 0274] 
[ Table 4] 
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[ 0275] From Table 4, it is obvious that the combination 

of the electrophotographic photoconductor and the developing 
agents according to the present invention (Examples) are much 
smaller in color difference and unevenness of halftone than the 
combination according to the Comparative Examples. 
[ 0276] 

[ Effect of the Invention] By the present invention, it was 

possible to provide an image forming apparatus and an image 
forming method in which a high-quality image can be obtained, 
cleaning property is excellent and the color difference between 
an image formed at an early stage of development and an image 
formed after runnings is small- Further, it was possible to 
provide an eletrophotographic photoconductor used in the image 
forming apparatus . 
[ Brief Description of Drawings] 

[ FIG. 1] This is a sectional view of a photoconductor drum 
having a mass additive inserted therein. 

[ FIG. 2] This is a diagram schematically showing the 
arrangement of an electrophotographic printer as an example of 
an image forming apparatus. 

[ FIG. 3] This is a sectional view schematically showing the 
construction of a process cartridge removably mounted in the 
image forming apparatus. 

[ FIG. 4] This is a diagram schematically showing one form 

of a charging roller as a contact charging section. 

[ FIG. 5] This is a diagram showing the arrangement of a 
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magnetic brush charging device. 

[ FIG . 6] This is a diagram showing the relationship between 
an AC bias voltage applied by the charging device and a charge 
potential . 

[ FIG. 7] This is a diagram showing the arrangement of a color 
copying machine. 

[ Explanation of Reference Numeral] 

1 electrophotographic photoconductor drum 

2 charging roller (charging section) 

3 laser scanner (exposure section) 

4 developing unit (developing section) 

5 cassette 

6 paper feed roller 
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